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PREFACE 

TO THE SECOND REVISED EDmOxX 

This book in no way conflicts with the purposes 
of other pubUcations on telephony, either of en- 
cyclopedic character or of less pretentious scope. 
It is intended for the amateur, the wireman, or the 
engineer who desires to establish a means of tele- 
phonic communication between the rooms of his 
home, office, or shop; between his house and shop; 
between his home and the homes of his friends; 
or between his shop and some distant building. 
It is also for the contractor who desires to do this 
work for others, or who wishes to build a small 
exchange in factories, mills, or small towns. 

The reader is assumed to know absolutely noth- 
ing of telephony, and no intricate mathematics 
are used nor is mention made of any apparatus, 
circuits, or systems which are not thoroughly illus- 
trated and described with respect to their construc- 
tion, installation, wiring, operation and mainte- 
nance. 

The equipments and the methods of wiring pre- 
sented have been selected with great cax^ ^<^\sw 



those which have been in use for a sufficient length 
of time by the Bell and Independent companies 
to have proved their practical value and become 
thoroughly standardized. No partiality is shown 
the equipments and methods of either organiza- 
tion, except in so far as they are superior electric- 
ally, magnetically, or mechanically, or in illus- 
trating the points to be impressed upon the 
reader. 

Much new matter has been added to the Second 
Revised edition and the work is thoroughly up- 
to-date. The material on construction has been 
enlarged by description of underground conduits 
and cable laying, bracing and preservation of 
poles, improvements in line wire practice, etc. A 
complete explanation of the latest practice in 
automatic selection at the central exchange is in- 
cluded, and the lamp annunciator system now 
used so largely is described. The storage battery 
is explained and many time and labor saving 
tools, appliances and processes have been treated. 

The Authors. 
April, 1914. 



INTRODUCTION 

Telephone Engineering, although one of the 
youngest of the engineering professions, and per- 
haps the most handicapped at the start, stands to- 
day among those most active and advanced. Start- 
ing with a simple invention of Prof. Alexander 
Graham Bell in 1876, the history of the telephone 
extends over a period of only thirty-eight years. 
For several years after its birth, the telephone was 
looked upon as a mere toy, and, until the patents 
covering its important parts were bought by a 
corporation and a working system established, 
none realized the great future in store for it. 

Telephone Companies operating up to the year 
1895 were each a part of the corporation just 
mentioned, and known as the Bell Telephone 
Company. Upon the expiration in 1895 of the 
original patents governing the construction of the 
telephone, its essential features became public 
property, and many companies independent of 
the original one were formed to manufacture, 
sell, and operate telephone apparatus. The Bell 
Telephone Company, however, continued to oper- 
ate as before, and the organizations conducted 
irrespective of or in opposition to them, became 
known as Independent Companies. 
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The Development of the Telephone Industry 
during the last dozen years has been most remark- 
able, and is largely due to the competition between 
the Bell and Independent companies. Each year 
has witnessed improved apparatus, more effi- 
cient and less expensive service, with the result 
that the number of telephone subscribers has in- 
creased from 281,700 in 1895, the date of the 
expiration of the original patents, to over 
10,000,000. These telephones are about equally 
divided between the Bell and Independent organ- 
izations, the former of whom do most of their 
business in our large cities and towns, while the 
latter have exerted their efforts chiefly in devel- 
oping trade in village^ and smaller cities through- 
(nit the United States. 



i. 



VUl "^Jf 




CONSTRUCTION, OPERATION, 

AND INSTALLATION OF 

TELEPHONE INSTRUMENTS 

The Receiver. — ^The receiver in use to-day dif- 
fers but slightly from the original magnet tele- 
phone brought out in 1876. Its principle of oper- 
ation is precisely the same, ^and in explaining its 
action reference will be made to the simple device 
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Fig. I. — Simplest Form of Telephone Circuit, Showing 

Principles of Operation 

at first employed. Fig. i shows one of these 
magnet telephones at A. The principal parts arc: 
a permanent bar magnet W5, a coil of insulated 
wire c mounted on one end of ns, and a thin iron 
diaphragm or disk e supported in front of the 
magnet. 
The Principle of the Magnet Telephone k ^^ \<^- 



lows: The iron bar n s, being a magnet, is assumed 
to have lines of magnetic force issuing from one 
end and curving backward, entering the opposite 
end as indicated by the dotted lines in Fig. i. 
The magnetic circuits thus formed are completed 
through the iron bar. On account of the iron 
diaphragm e in the path of these lines of force 
offering less resistance to them than the surround- 
ing air, many lines will traverse the diaphragm 
in completing their circuits outside the magnet. 
If, now, the diaphragm be vibrated slightly to 
and from the end of the magnet, there will be pro- 
duced a change in the lines of force ; when the dia- 
phragm is near the bar there will be a greater 
number of magnetic lines passing through the bar 
because the resistance of the magnetic circuits has 
been decreased by shortening the paths of the 
lines of force, and when the diaphragm is not so 
near there will be less lines passing through the 
bar. The change in the magnetic condition of 
n s induces a varying electromotive force or elec- 
trical pressure in the coil of wire c. 

Suppose, now, the magnet telephone just con- 
sidered be connected to an exactly similar tele- 
phone B, by joining the terminals of the coils c 
and r together as in Fig. i. The variation in the 
electromotive force produced in the coil c will 
now cause a varying current of electricity in the 
coil r of telephone jB, and this in turn will cause 
a varying attraction of the diaphragm i, making 

it vibrate in unison with the diaphragm e of tele- 
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phone A, If, therefore, a person talks against 
the diaphragm c so that the sound waves of his 
voice cause it to vibrate, the diaphragm i will also 
vibrate in the same manner; and as the conditions 
at B are simply those at A reversed, the vibration 
of the diaphragm i will reproduce at B the sounds 
delivered at -4. 

In the transmission of speech, the telephone 
instrument into which the sound waves of the 
voice are delivered is called the transmitter, and 
that in which the sound waves are reproduced is 
called the receiver. In the description just given 
of Fig. I, the telephone A has been referred to 
as the transmitter, and the telephone B as the 
receiver. Both these instruments in Fig. i are 
constructed alike, so it makes no difference in that 
case which one is used as the transmitter and 
which one as the receiver. In practice, howxver, 
the receiver alone follows the design of the magnet 
telephones in Fig. i, the transmitter being con- 
structed differently in order to increase the range 
of transmission. 

Different Forms of Receivers are used to meet 
different conditions of service. The original sin- 
gle-pole receiver, of which those shown in Fig. i 
are a type, is still used for ordinary work over short 
distances. A commercial receiver of this form is 
shown in Fig. 2, A showing the case and interior 
construction with a side view of the magnet, and 
B an end view of the magnet. The magnet is 
formed of four pieces c, ^, r^ n^ oi VvactOiL xcsa^^^v^v 
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ized steel, two of which arc placed on each side 
of the fiattened iron end projections « and v, 
and all arc bolted together at each end. The end 
projections h and / are of cylindrical shape and 
ser\'e, the one for holding a wooden or fiber spool 
which carries the coil of insulated wire s, and the 




other for mounting the magnet to the surround- 
ing hard-rubber case d. The coil s is usually 
wound with No. 38 B. & S. gage silk-covered 
copper wire to a resistance of 75 ohms, and its 
terminals are connected to the binding posts m 
and o by No. 18 or so B. & S. gage cotton- covered 
copper wire which is soldered to them. The mag- 
net should have sufficient power to hold a weight 



of i6 ounces. The diaphragm i is of soft iron 
O.OI inch thick, is perfectly flat, and is held 1-32 
inch distant from the end of 
the magnet by means of the 
hard-rubber cap k. 

The Double-Pole Receiver 
for several years past has been 
gradually replacing the single 
pole receiver on account of its 
greater sensitiveness, and is 
now used entirely in long-dis- 
tance transmission. Fig. 3 
shows a standard receiver of 
this form. As its name im- 
plies, ihc magnet has two pOles 
presented to the diaphragm; 
it is of horseshoe shape, the 

pole tips 5 and s being bolted Pie. 3- — The Double- 

^, , , J t .1. Pole Receiver 

to the legs n and n of the 

magnet and carry the coils and 0, which are 

mounted upon brass spools. The coils arc con- 





nected in series and arc wound in opposite direc- 
tions as in Fig. 4, with No. 36 oc :i& 'ili. ^ 'a- 



gage silk-covered copper wire to a resistance 
depending upon the conditions of service. For 
local battery work, such as considered in this 
book, the resistance of the receiver is usually 
from ICO to 125 ohms (see Appendix) divided 
equally between the two coils. Cotton-covered' 
copper wires are soldered to and connect the 
magnet windings with the inner parts of the bind- 
ing posts c and c. The diaphragm is of ferro- 
type metal (a species of soft iron) No. 31 B. W. G., 
o.oi inch thick, 2J inches in diameter over all, 
with a free diameter of about 2 inches, and a diam- 
eter of about \ inch exposed to the sound waves. 
It is perfectly flat, and is varnished as a protection 
from corrosion. The -magnet is turned upon the 
screw a, which holds it to the case, until the pole 
faces are -gV inch distant from the diaphragm d. 
If there be a greater distance than this, the mag- 
netic effect will be too weak, and, if less, the dia- 
phragm is liable to stick to the pole faces. The 
magnet should be capable of exerting a tractive 
effort of 1. 13 pounds. Between the legs of the 
magnet a lead weight w is cast to increase the 
weight of the receiver and thus insure its holding 
down the hook switch in its proper position. 

The inclosing case is of hard rubber and com- 
prises three parts: the body J, the tailpiece /, 
and the diaphragm cap m. Although the cap m 
can be unscrewed, permitting the diaphragm to 
be taken out and examined, it is impossiUo to 
take the receiver further apart without unsoldcr- 
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ing ths electrical connections between the lead- 
ing-in wires and the magnet windings. In this 
respect the Acme double-pole, or bipolar, receiver 
shown in Fig. 5 differs, it being possible to examine 
all of the interior parts of this receiver by simply 
unscrewing the diaphragm cap and withdrawing 
the magnet from the body of the case. It will be 
noticed the receiver cord m is led through the case 
e, and the cord tips are secured to binding posts 
between the magnets. One of the binding posts 
is shown at c, and at 5 is one of the wires leading 
to the magnet coils a and v. Strain on the connec- 
tions is prevented by the extra cord /, tied around 
the bend in the magnet bar d. Attention is also 
called to the small perforations h in the diaphragm 
cap, instead of an unobstructed opening, the ob- 
ject being to afford more ample protection to the 
diaphragm from pencils, etc., which are some- 
times maliciously used to bend it out of shape. 

The Head Receiver is a simple modification of 
the bipolar hand receiver. It is designed chiefly 
for switchboard operators and others who have 
almost constant use for a receiver or who desire 
the free use ' of both hands while listening. As 
seen from the head receiver shown in Fig. 6, it is 
very small and light, and is provided with a band 
b of spring steel covered with leather which fits 
over the head and holds the receiver against the 
ear. Fig. 7 shows the interior construction, which 
differs from other receivers only in that the boiI\' 

of the instrument, and therefore the magnet, are 
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shorter. The case is usually of brass or alumi- 
num, and, being about the size of a watch, these 
instruments are often called "watch-case" receiv- 




crs. Their entire weight is generally not over six 
ounces. 

The Transmitter. — ^The magnet telephone as a 
transmitting instrument was a failure. Although 
so sensitive that but 3-100,000,000,000 watt (see 
Appendix) is sufficient to make it produce an 
audible sound as a receiver, it lacked the qual- 
ifications necessary for a good transmitter. After 
numerous experiments, transmitters employing 
carbon in one form or another were found most 
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Fig. 8. — Simple Telephone Circuit for Transmitting in 

One Direction 

satisfactory, and to-day none but carbon transmit- 
ters are used for distances over a few hundred feet. 
The Principle of the Carbon transmitter is based 
upon the fact that finely ground or pulverized 
carbon or graphite varies in electrical resistance 
according to the mechanical pressure brought to 
bear upon it. Under high pressure the resistance 
of carbon is low, but under a low pressure its 
resistance is comparatively high. If, therefore, 
at the transmitting end of a line, carbon of one 
form or another, as shown at c in Fig. 8, be placed 
in scries with a battery h and an induction coil 

ps^ sound waves of a voice striking against the 

10 



diaphragm d will cause varying pressures in the 
carbon and consequently a pulsating current in 
the circuit in which the battery and primary wind- 
ing p of the induction coil are connected. The 
variations of the pulsating current will be in har- 
mony with those of the voice, and will induce in 
the secondary winding s of the induction coil an 
alternating current which will have a frequency 
corresponding to that of the sound waves at the 
diaphragm of the transmitter. This alternating 
current will cause the distant receiver r to act as 
previously described and to reproduce the sounds 
of the voice at the transmitter. The form in which 
the carbon is used and the method of mounting 
it have given rise to many different kinds of car- 
bon transmitters. Only a few of the more common 
forms w^ill here be considered. 

The Edison Transmitter employs the carbon in 
the form of a block as shown at .^- ^ig, 9. A 
metal casing c incloses the carbon, buc is insulated 
from it except on the side r. The casing c is held 
within the metal chamber h by the bolt d. The 
circuit through the instrument from the binding 
post a, which is insulated from the chamber h by 
a hard-rubber bushing, runs by the conductor 
to the right-hand side of the carbon block 5, thence 
through the carbon to the uninsulated side and 
out through the bolt d, chamber //, and binding 
post Vj which is in clcctriral contact with //. 

Sound waves entering the mouthpiece / strike 
the diaphragm and cause it to vibrate. The vi- 
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bralions thus produced arc transmitted to the 
carbon block s through an ivory button w and the 
side of the casing c, and cause a varying pressure 
on the carbon. This varying pressure, as pre- 
viously explained, causes a varying resistance and 
therefore a varying current in the transmitter cir- 




FiQ 9 — The Edison Transmitter 



cuit, the variations of the current corresponding 
to those of the sound waves. The Edison trans- 
mitter is not a very sensitive instrument, lacking 
in flexibility between the ivory button and the 
carbon plate. 

The Blake Transmitter, which now is not gen- 
erally in use, but is mentioned here to illustrate 



the principle, serves well on tines of mixlcratc 
length, if kept in good adjustment. Fig. lo shows 
ihe side and back of the transmitter at A and B, 
respectively. The carbon is in the form of a button 
r and is mounted in a case m supported by a steel 
spnng s. A platinum ball c is supported between 
the carbon button r and the diaphragm «, the 




Fig. lo. — The Blake Transmitter 

diaphragm being held against the receptacle // 
and insulated therefrom by a hard-rubber circular 
sleeve ee. The platinum ball or contact piece is 
held rigidly by a German-silver spring a. The 
springs s and a are insulated from each other at i 
and both are supported by y, a heavy metal strip, 
which in turn is fastened to // by the spring k. 
The pressure between the platinum contact, the 
carbon button, and the iron diaphragm is asl^i'^.'i'Ji. 



by varying the position of the strip y by means of 
the screw w. The two metal strips p and / are 
used, the former to hold the sleeve ^^ in position, 
and the latter as a damper to check the vibrations 
of the diaphragm as soon as they have served 
their purpose so that they will not interfere with 
those following. For this reason, the end of the 
spring /, which presses upon the diaphragm near 
its center, is covered with a small cloth pad x. The 
entire apparatus is mounted in a wooden box dd^ 
into which is fitted a wooden mouthpiece v. 

Current entering the transmitter at the binding 
screw passes down the spring a and • through 
the platinum ball and carbon button to the spring 
5, thence through the spring k to the binding screw 
u and out. The vibrations of the diaphragm var}^ 
the pressure between the carbon b^itton and the 
platinum contact, causing the necessary change 
of resistance in the transmitter circuit. The 
Blake transmitter, although low in first cost and 
requiring but little current to operate it, needs 
frequent and careful adjustments, and is so verj^ 
sensitive to vibrations that special care is necessary- 
to select for it a particularly firm support. 

The Solid-Back Transmitter employs granulated 
carbon for the active material and is the one 
in most common use to-day. Fig. ii shows a 
side view and a back view of this transmitter at 
A and J5, respectively. The outer case s is of 
metal, shaped much in the form of an electric 
bell gong. To this is attached a metal cover rr 
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containing the mouthpiece. The granulated car- 
bon can be seen at c inclosed in a brass ^chamber 
m n, made in two ])arts, which are screwed together. 
This chamber is supported by tlie collar and screw 
at e to the brass strip k, which, in turn, is screwed 
to the cover rr. On the inner sides of the chamber 
are two carbon blocks a and v, the tatter together 
with a mica washer it forming one side of the 
chamber, and the former a portion of the other 




Pic. II.— The Solid-Back Transmitter 



side. These blocks are electroplated and soldered 
to their respective holders. The remaining parts 
of the inner walls of the chamber mn are lined 
with varnished paper. The support of the carbon 
block V consists of a disk-shaped piece of brass o, 
which, by means of the bolt y, is held firmly 
against the diaphragm h. The diaphragm is usu- 
ally made of aluminum, thoroughly varnished, 
about 2i inches in diameter and 0,022 inch thick. 
It is fastened to the cover r by the hard-rubber 
circular sleeve «h which overlaps it J inch, and i^ 



damped by the cloth-covered end of the spring /J. 
The sleeve u is held in place by the clip p. 

Connection with this transmitter is made by 
inserting the solid tip of an insulated connecting 
cord in the copper-faced hole d, which is insulated 
from the outer case by a hard-rubber bushing. 
A fine wire leads from here to o, and the circuit 
continues through the carbon plates and carbon 
granules to e, thence by the strip k to the outer 
metal case, and leaves the instrument by means 
of a connection to the metal arm / of the trans- 
mitter. The vibrations of the diaphragm are 
readily transmitted to the carbon block v, the mica 
washer being sufficiently elastic to permit of this, 
and the pressure on the carbon granules c varies 
accordingly, providing the necessary variations of 
resistance in the transmitter circuit. This vari- 
ation is from about 35 ohms to 75 ohms. 

The solid-back transmitter leaves little to be 
desired; it is sensitive to sound waves, but not to 
mechanical vibrations; the carbon blocks secure 
excellent contact with the carbon granules, and 
the latter give but little trouble by caking or ** pack- 
ing*' because they do not become much heated by 
the current, owing to there being space above and 
below the blocks in which they can expand; the 
transmitter case is very small; and the chamber 
containing the carbon granules is both air-tight 
and moisture-proof. When properly set up, the 
transmitter requires no adjustment. In case it is 

necessary to examine the working parts, the in- 
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sulatcd connecting cord must first be withdrawn 
from the copper- faced hole d; then the screws which 
hold the cover to the case must be taken out, after 
which the working parts can be withdrawn. 

The Induction Coil. — ^An induction coil is used 
in Fig. 8 for several reasons. This instrument, by 
providing a short local circuit for the transmitter 
entirely independent of the Une circuit makes the 
variations in the resistance of the carbon large in 
comparison with the total resistance of the circuit 
in which it is connected, and therefore makes the 
action of the transmitter more effective. It also 
decreases the resistance of the line circuit by an 
amount equal to that of the local circuit, and by 
changing the pulsating current into an alternating 
one makes it more effective in exciting the diaphragm 
of the receiver. Another reason is its ability to 
alter the current and pressure relations of the pri- 
mary and secondary circuits. This variation is 
proportional to the ratio of the number of turns 
in the primary winding p to the number of turns 
in the secondary winding s. Thus, with 300 turns 
in the primary and 2,400 turns in the secondary, 
the ratio is i to 8. A pressure of E volts (see 
Appendix) across the primary winding would, in 
this case, be raised to 8 £ volts at the terminals of the 
secondary winding, while the primary circuit of 
I ampere would be reduced to i ampere in the 
secondary or line circuit. The electric energy in 
both circuits, however, remains the same, namely, 

E L As the resistance losses on the line «x^ ^x^- 
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portional to the square of the current transmitted, 
it is obviously an advantage to make the transfor- 
mation just noted. 

The Construction of Induction Coils, ahhough 
varying in details, follows the same general design. 
There is an iron core composed of soft iron wires, 
preferably No. 26 or 28, annealed to eliminate 
hard spots, and bound together in a round bundle. 
Enough wires are used to make a bundle i to J 
inch in diameter, and their length is from 4 to 6 
inches. These are packed into a fiber tube upon 
which is wound the primary coil. This coil gen- 
erally has not less than 300 turns and is wound 
in two layers. The size of the primary wire de- 
pends upon the kind of batteries employed and 
varies considerably. No. 22 or 24 B. & S. gage 
would be considered an average size. The num- 
ber of turns in the secondary winding is usually 
from 8 to 10 times the number in the primary 
winding, and the size of the secondary wire is such 
that the necessary number of turns are obtained 
in 5 layers or less. No. 32 to 36 B. & S. gage is 
generally considered advisable. Single silk-cover- 
ed copper wire is mostly used for both the pri- 
mary and secondary coils, and several thicknesses 
of paraffined paper are provided for insulation 
between these coils. 

Fig. 12 shows a Monarch induction coil for 
ordinary local battery work. It is w^ound to a 
resistance of 1.7 ohms in the primary and 175 
ohms in the secondary. The terminals are brought 
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out in heavy wire and are connected to binding 
screws on the fiber bloclts P and 5, the former of 
which contains the primary terminals and the 
latter the secondary terminals. The coil itself is 
covered with bookbinders' cloth as a protection 
from moisture. 

The Battery. — Telephone work for the purposes 
considered in this book requires the use of pri- 
mary batteries ; in other words, batteries in which 
zinc is consumed by chemical action to generate 




electricity. A battery consists of two or more 
cells connected, each of which comprises, besides 

the zinc or positive plate, another plate electro- 
negative to the zinc, which may be either car- 
bon or copper and which is called the negative 
plate. These two plates are placed in a glass vessel 
or jar containing an acid solution. The acid 
tacking one of the plates more than the other, pro- 
duces a diilerence of potential usually from i to 2 
volts between them. Battery cells may be c( 
niently divided into two kinds: open-circuit cells 
and closed- circuit cells. The former are employed 



where there is only an occasional use for the trans- 
mitters, and the latter where the transmitters are 
in almost constant use. All primary cells when 
working on circuits of such low resistance as those 
in which transmitters are used suffer a decrease 
in their electromotive force or voltage, and an in- 
crease in their internal resistance. This is due 
to the formation of small bubbles of hydrogen gas 
on the negative plate of the cell, which diminish 
the effective surface of the plate and set up an 
opposing electromotive force. It is, therefore, 
necessary to surround the negative plate with a 
depolarizer, the duty of the latter being to gener- 
ate oxygen gas for combining with the hydrogen 
gas and thus setting it free in the solution. In 
open-circuit cells the depolarizer acts slowly and 
chiefly when the cell is not in use; in closed-cir- 
cuit cells the depolarizer acts continuously. 

The chief forms of open circuit cells are the 
Leclanch^ cell and the so-called dry cell. The 
chief forms of closed-circuit cells used in telephone 
work are the Fuller cell, the gravity cell, and the 
Edison cell. For furnishing current in the trans- 
mitter circuit it has become standard practice to 
use two Fuller cells in series, or their equivalent 
in the other forms of batteries mentioned. The 
cells are connected in series by joining with a copper 
wire the positive plate of one cell to the negative 
plate of the other, the remaining plates of the two 
cells serving at the terminals of the batter}\ When 
thus connected the total voltage is the sum of the 
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voltages of the two cells, and the total resistance 
of the battery is the sum of the internal resist- 
ances of the two cells. The best results are 
usually obtained by having both cells of the same 
form and size, and both must be of the same 




-The Leclanch^ Cell 



kind; that is, either open-circuit cells or closed- 
circuit cells. 

The Leclanche Cell, Fig. 13, comprises a nega- 
tive plate of carbon c surrounded by the depolarizer, 
which consists of a mixture of crushed manganese- 
dioxide and crushed carbon in a ^oequ^ <;'v)^ i- 



The posili\'e plate is the zinc rod s, and this, to- 
gether with the porous cup, is placed in a solution 
of sal-ammoniac and water in the glass jar m. 
The sal-ammoniac solution is best made by dis- 
solving three parts of sal-ammoniac in ten parts 
of clean soft water. 
This solution passes 
through the porous 
cup and moistens its 
contents The bind- 
ing posts or screws 
on c and z form the 
terminals of the cell. 
The resistance of this 
cell is usually less 
than I ohm, and the 
electromotive force is 
about I s \olt5. 

A modified form of 
the Lcclanthe cell is 
shown in Fig. 14. 
The depolarizer here 
consistsof two blocks, 
fc and s, of manga- 
nese dioxide and car- 
bon clamped around the negative carbon plate c 
by means of rubber straps aa. The elimination 
of the ])orous cup considerably decreases the in- 
ternal resistance of the cell. The binding screws 
on the carbon plate c and zinc rod z are the 
terminals. Sal-ammoniac solution is used as in 




the previous case, and the electromotive force is 
the same. 

The Dry Ceil, Fig, 15, is a convenient modifica- 
tion of the Leclanche cell and is widely used in 
telephone work. The outer case 2 is of zinc and 
forms the positive plate, connection with which is 




Fig. i;.— The Dry Cell 

made at the binding screw a. Within this is 
packed the negative carbon plate c in a mixture 
usually composed of sal-ammoniac, chloride of 
zinc, dioxide of manganese, plaster, flour, and 
water. The top of the cell is sealed with bitumen. 
Although the mixture is not dry, it is non-spillable^ 



and in this respect is preferable to cells employing 
corrosive chemicals. The maintenance cost is 
practically nothing, and the first cost is low in 
comparison with other cells. On the other hand, 
the dry cell has a greater internal resistance than 
the wet cell, and its useful life is much shorter. 
The internal resistance is about 0.3 ohm, and the 
electromoti\'e force T.4 volts. 
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Fig. 15a.— Internal Arrangement of Dry Cells. 
Arrangement of Parts. — The interior arrange- 
ment of tlie regular American design of dry cell 
is clearly shown at Fig. ]5a. which depicts a sec- 
tional view of the type commonly used in tele- 
phone service and in gas engine ignition systems. 
The main container is a zinc shell or can, and 



is lined with several layers of blotting paper that 
have been saturated with the exciting solution. 
The space between the blotting paper and the 
carbon rod in the center of the cell is filled with 
a depolarizer, or oxygen liberator that is de- 
pended on to liberate sufficient oxygen to combine 
with the hydrogen evolved by the chemical action 
between the zinc can and the alkaline excitant. If 
these hydrogen bubbles were not combined with 
oxygen to form water, they would collect on the 
carbon rod and increase the resistance of the cell 
to such a point that it would not be capable of 
giving forth a current of any value. The depo- 
larizer usually employed is black oxide of man- 
ganese and powdered carbon which is mixed with 
it to increase its electrical conductivity. The de- 
polarizer is saturated with electrolyte and is 
tightly packed in the zinc can around the carbon 
rod. As these dry cells are widely used on rural 
circuits, it is well to notify the subscribers of the 
importance of keeping the receivers on the hooks 
when not in use and not to talk unnecessarily 
long, because while such a cell is suited for open 
circuit work it soon becomes depleted if left on a 
closed circuit. Dry cells have the important ad- 
vantage of not requiring any maintenance and of 
being very low in initial cost, so they are widely 
used on telephone lines where the instruments re- 
ceive somewhat limited use. 

Storage or Secondary Batteries. — The second- 
ary battery operates on practically the same 

as 



principles as the primary batteries, as tar as cur- 
rent generation is concerned, but differs in an 
important respect in that it can be recharged when 
depleted by passing -a current of electricity 
through it and without adding any new material, 
such as new plates or entirely changing the elec- 
trolyte. The plates of a storage battery, such 
as shown at Fig, 1 5b, are composed of lead ; the 
negative is a spongy lead, while the positive plate 
is covered with lead peroxide after charging. 
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Fir.. 15!).— Plates of Storage Battery. 

The positive plate is chocolate in culor, the nega- 
tive is leaden gray. The electrolj-te is sulphuric 
acid and distilled water and the potential of the 
lead cell is about 2 volts when charged. The 
plate assembly is composed of several plates in 
order to increase their capacity, because, while 
the voltage of a cell remains independent of the 
number of plates used, the amperage ot current 
output is directly proportional to the relative 
areas of the (Mtsitixe and negative menil>ers. .\ 
typical set of elements for an American storage 



cell is clearly shown at Fif;;. 15c. The assem- 
bly is installed hi tlie glass container jar to 
form the complete cell. These cells do not need 




Fic. 15c. — Elements or Plates ot Storage Battery. 
to be described at leiijjtli, because complete de- 
scriptions and instructions for maintenance are 
furnished by the manufacturers of this product. 
The amount of cJiartjing current, tlie'length of 
the charge, and the charging rate all vary accord- 
ing to the size of the battery, but it is important 
that the charging current be always passed 
through the battery in the same direction and 
that after the charge is (mce started it should be 
continued until complete. Only <]irect current 
should he used for charging storage batteries, 
though altematiug current can Ik." used if ])assed 
thR.ngh a rcctilicr Iteforo it (lows tlunugli the 
battery. The usual method ot charging a sitw-ll 
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Fig. ijd.— Method of Charging Storage Battery. 

storage battery is shown at Fig. 15cl, in which a 
bank of lamps regulates the current strength pass- 
ing through it from a direct current line. In the 
larger installations, it is important to carefully 
regulate the charging rate by means of a suitable 
rheostat that can be used instead of the lamp 
bank. Care must be taken to provide a current 
of the proper voltage, and the charging current 
passing through the battery should always have 
hislier voltage than that of the battery being 
charged. 

The capacity of storage batteries is regulated 
by a number of variables but is usually expressed 
rn ampere-boms, t/iotigh the strengtVv Mi \.\\e. 



charge is mcasureel in volts. A fully cliarged 
battery should sliow about 2.2 volts per cell. Dry 
cells are measured with an amperemeter and 
average cells show 15 to 20 auijwres on test. 
When dry cells indicate less than 5 amperes their 
action is apt to be irreg-ular and they should be 
replaced with new ones. 




Fio. i6.— The Fuller Cell 



The Fuller Cell, Fig. i6, is especially well adapt- 
ed for telephone work. It consists of a glass 
jar a containing a porous cup c in which is the 
zinc z. The porous cup i?. sm.^.'^tv^^ 'k«to. "^sr. 
top of the jar and is ffled \V\\.>\ tf\VA«i =.v5s.^Vi:^<^ 



acid or a salt solution. The salt solution is made 
by mixing about 3 ounces of salt in a pint of water. 
The negative plate is carbon in the form of a cylin- 
der e that surrounds the porous cup, and this also 
is suspended from a wooden or rubber cap s which 
closes the jar. The jar is filled with a solution of 
3 parts bichromate of potash, i . part sulphuric 
acid, and 9 parts water. About 2 ounces of mer- 
cury is placed in the porous cup with the zinc, 
for amalgamation; that is, the mercury combines 
with the zinc and eats the impurities from its sur- 
face, causing the zinc to present a clean surface 
to the acid. The binding screw w, attached to e, 
and the binding screw n fastened to z, form the ter- 
minals of the cell. The internal resistance is 
about 0.5 ohm, and the electromotive force is 2 
volts. 

The Gravity Cell, Fig. 17, has for its positive plate 
three sheets of copper fastened together as shown at 
c; these are spread out, and set on edge in the bot- 
tom of the glass jar m, A gutta-percha insulated 
copper wire a soldered to the copper extends up 
through the cell, forming one of its terminals. 
The negative zinc plate is cast with projecting 
fingers as shown at 2, and on account of its general 
resemblance to a crow's foot this cell is sometimes 
called a ^^crow's-foot'* battery. The zinc is sus- 
pended across the top of the jar and is pro\dded 
with a binding screw as indicated. The solution 
used is copper sulphate, sometimes called blue 
vitriol, and water. It is formed by pVaem^m V\v^ 



bottom of the jar from 6 to 8 ounces of copper-, 
sulphate crystals n, and then introducing water 
until the zinc is well covered, A saturated solu- 
tion of copper sulphate forms around the copper 
and, after use, a zinc -sulphate solution forms 
around the zinc and floats upon the copper-sulphate 
solution. The two solutions, having different spe- 
cific gravities, are thus kept apart, and as the copper- 




FiG. 17.— The Gravity Cell 



sulphate solution has a deep blue color while the 
zinc sulphate is Ught colored, it is easy to distin- 
guish them. The dividing line between them is 
called the blue line, and the name "gravity cell" 
results from the part gravity plays in the perform- 
ance of the liquids. The internal resistance can 
be reduced, and the cell made immediately avail- 
able for use after setting up, b'j w'svi\.'j,,\"t\sxe3j^ <i^ 
water, about half a pint oi 7AT\c-?.\i\v^Bi.\.^i w5\^i^^«^ 



from a battery already in commission or by pour- 
ing into the water 4 or 5 ounces of pulverized sul- 
phate of zinc. The internal resistance of the cell 
is from 2 to 3 ohms, and its electromotive force 
is practically constant at 1.08 volts. Owing to 
the high internal resistance it is seldom used in 




-The Edison or Gladstone Cell 



telephony except for the transmitter at the switch- 
board. 

The Edison Cell, Fig. 18, employs two zinc posi- 
tive plates c and e, and a slab a of pressed copper 
oxide for the negative plate. The plates are sus- 
pended side by side from the cover of the jar, the 
copper-oxide plate being held between the two 
zinc plates as shown. The jar is filled with a so- 
JuO'on of caustic potash and waler, on -wViVcV '\'i 



poured a layer of oil to prevent the salts, which form, 
creeping up to the edge of the jar. In setting up 
the cell, only half of the sticks of caustic potash 
furnished by the makers should at first be placed 
in the jar. After water has been poured on them 
to within an inch of the top of the jar, and they 
have been dissolved by stirring, the remainder of 
the sticks may be added and the solution stirred 
as before. In wiring up the cell, the binding post 
s connected to the copper-oxide plate forms one 
terminal, and the binding posts z and z fastened 
to the zinc plates are coupled together and form 
the other terminal of the cell. The internal re- 
sistance is but 0.025 ohm, and the working electro- 
motive force about 0.75 volt. 

Conversing in Both Directions. — Fig. 19 shows a 
simple telephone circuit over which conversation 
can be carried on in both directions. It is simply 
a further development of the principles illustrated 
in Fig. 8, the apparatus and connections at both 
ends of the line being identical. As to the receiv- 
ers it may be questioned why the permanent mag- 
nets in them (see Fig. 3) are necessary, now that 
there is an electromagnetic action to produce the 
attraction of the diaphragms. The reason is that 
the permanent magnets are essential for the re- 
production of the proper pitch. 

A Grounded Telephone Circuit is shown in Fig. 
19; that is, the earth or ground is used as one con- 
ductor between the two statioivs a aivA. "b^ \w^^^^^ <^^^ 
one of the line wires. EilYvei a ^tomtA^ caox^. 
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or a two-wire (complete metallic) circuit is prac- 
ticable In connecting the stations a and b. In the 
former case, connection with the ground at each 
station may be made either by fastening the ground 
wire to a water pipe or to a metal rod driven down 
to moist earth. The surface of the pipe or rod 
should be filed or scraped bright, the wire then 
wound around it, and a clamp placed over the wire 
and firmly bolted to the pipe. Another method 
consists of burying in moist earth below the frost 





line, that is, 5 or 6 feet beneath the surface, a cop- 
per plate about i foot square to which the ground 
wire has been riveted, and soldered throughout 
its length over the plate. The plate should be 
surrounded on each side with a thin layer of 
crushed coke or charcoal about pea size to protect 
it against corrosion from too direct contact with 
the earth. 

Grounded telephone circuits are not usually as 
satisfactory as complete metallic circuits, espe- 
c/aJIy in the vicinity of electric-Wght and laiVsa.-^ 



lines, on account of the inductive disturbances 
caused by stray earth currents. With good earth 
connections the grounded portion of the Une has 
a negligible resistance, but at best grounded tele- 
phone circuits are serviceable only for lines of 
moderate length and as the saving in line wire in 
such cases is small they even then hardly compen- 
sate for the risks of disturbances incurred. 

The Signal Receiving and Sending Apparattis. 
In addition to the talking apparatus already con- 
sidered there must be at each point where a tele- 
phone equipment is located, some means of 
signaling, so that a person A may know when a 
distant party B wishes to converse with him over 
the wire, and also to enable A to call B to the tele- 
phone. For the purposes here considered, the 
signal receiver is a magneto bell, and the signal 
sender is a magneto generator. 

The Magneto Bell and Generator are shown 
diagrammatically in Fig. 20. The bell A comprises 
an electromagnet cc ; also a soft-iron armature v 
pivoted at its center so as to permit of its oscillat- 
ing, and, by means of the clapper attached to it, 
striking alternately the gongs h and /. The bell 
is actuated by an alternating current, and depends 
for its operation on the permanent magnet ns 
which induces in the armature v a south pole at 
S and two north poles at the ends N and N. 
The permanent magnet w 5 also induces in the '^oka. 
u of the electromagnet a norlVv po\e ^X TSl* ^xA v^^ 
south poles at the ends s' and s' • N.^ \^^ vcv^>^«^ 
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polarities arc approximately equal in strength, 
and in each case a north pole is opposite a south 
pole, their combined etTect upon the armature v 
is neutral, and it remains balanced. As soon as 
an alternating current passes through the magnet 
coils, which are wound in opposite directions 
around the cores, this current when flowing in one 
direction will strengthen one pole of the electro- 
magnet and weaken or reverse its other pole, un- 
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Fig. 20. — Diagram of Magneto Bell and Generator 

balancing the armature and causing it to swing 
about its pivot so that the clapper strikes one 
of the gongs. At the next instant the alternating 
current reverses its direction of flow, strengthening 
the pole which formerly was weakened, and weak- 
ening or reversing the other pole of the electro- 
magnet. This will cause the armature to be drawn 
in the opposite direction and- the clapper to strike 
the other gong. So long as the alternating cwt- 
rent continues to flow, this action mWbe i^^^^X.^^ 
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and the bell will continue to ring. Direct current, 
however, would have no effect upon the bell unless 
an interrupter were used. The action of the per- 
manent magnet in the operation of the armature 
has led to the instrument being sometimes called 
a ** polarized" bell or ringer. 

The magneto generator B, Fig. 20, is a simple 
form of alternating-current generator. A coil of 
insulated wire u, wound upon an iron core e, is 
revolved by hand in the magnetic field produced 
by the permanent horseshoe magnet pp. The 
cutting of the lines of magnetic force byHhe coil 
of wire induces in the coil an alternating current 
which acts upon the magneto bell A as just de- 
scribed. Ordinarily, three or four horseshoe mag- 
nets are employed so there will be a strong field; 
these are arranged side by side with like poles adja- 
cent. Conductors sliding on a pair of metallic 
rings collect the current generated in the armature. 
Owing to a high reduction gear being used between 
the armature shaft and the hand wheel, but a few 
rapid turns of the latter are necessary to drive the 
armature at a sufficiently high speed to generate 
the required power to ring the bell. 

In comparison with the ordinary direct-current 
electric bell and battery, the generator of the mag- 
neto set gives a much higher voltage than is usual 
in the battery, with no trouble from acids and 
witli less cost of operation; the generator and bell 
being always on closed circuit, there arc ^Vsc^^^^^-^ 
contacts to burn, oxidize, 01 m oWv^x ns'sv.'^^ vltio^^^ 
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trouble. These are some of the reasons why the 
magneto set has become widely used as a signal- 
sending and -receiving device. 

Typical Forms of Magneto Bells are shown 
respectively in Figs, zi and 23. The first one pre- 
sented is a Strombcrg- Carlson polarized ringer 
wound to a resistance of 1,600 ohms. Adjustment 
of the armature with respect to the poles is secured, 




as shown in Fig. 22, by having the armature CC 
supported upon the spring plate DD, which is 
pro\'ided wtlh two holes to receive the ends of the 
magnet cores EE. A cross-bar FF is mounted 
over the poles, and into this is threaded the screw 
B which projects through a hole in the permanent 
magnet A and has a shoulder bearing on the pialo 
DD. Turning the screw \B lo the right or left 
moi'es the plate D D toward or away from the mag- 



net cores and thus enables the proper adjustment 
of the armature to be secured. The clapper G 

is bolted to the armature as shown. The coils 
are wound with silk-insulated wire and are covered 
with heavy linen cloth to protect them from injury. 
Fig. 23 shows a Kellogg magneto bell designed 
somewhat differently from the one shown in Fig. 




Fig. 23. — Armature End of Ringer Shown, in Pig. ; 



21. This form of ringer is called a "biased" bell, 
and is used where a selective signal is wanted, 
that is, where there is more than one bell connected 
to a circuit and it is desired lo be able to ring one 
or the other of them at will. Its construction differs 
from the polarized bell only in the use of a spring 
s, which is fastencti to either side of the armature c 
so as lo pull that end of it toward the magnet. 
The result is that the bell will not resi^nd lo cur- 



rents of one polarity, but will respond to currents 
of the opposite polarity. It is necessary in any 
biased bell lo determine by trial the side on -which 
the spring should be placed to make it operate on 
a. positive or a negative current, 

A Typical Form of Magneto Generator is shown 
in Fig, 24. This 3-magnet Acme generator will 
be readily understood from the general descrip- 
tion previously given. At the left end, however, 




an automatic shunt s is fitted, the operation of 
which will be explained later on. The three horse- 
shoe magnets k, etc., are held to the frame by the 
bolts a and c; each magnet is capable of lifting 
5 pounds. The armature core on which the wind- 
ings are placed is built up with sheet-iron punch- 
ings, each shaped like those shown at a, etc. Fig. 
^j-. These punching^ are threaded on the armature 



shaft c and bolted together as there indicated, after 
which the core has the appearance shown in Fig. 26. 
Sitk-insulated copper wire, either No. 34 or 36]! 




Fig. 34. — Magneto Generator 

& S. gage, is then wound lengthwise over the core. 
The completed armature, Fig, 27, has a resistance 
of from 300 to 1,000 ohms and develops from 80 



>^^ ^ 



to 120 volts. The resist^ncb of the armature wind- 
ing musl not be confused with the resislix.'wt -^■a.<\\N.'?, 
of a magneto generator. TVivs, \a.\X*;\ t'iV'i^'a V'^s^'^ 



number of ofims resistance through which the 
generator can ring its own bell. A io,ooo-ohm 
generator, for instance, is one which will ring the 
bell through 10,000 ohms resistance. Magneto 
generators are also rated according to the number 
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— The Completed Armature Core 



of permanent horseshoe magnets they contain; 
as previously stated, 3- or 4-magnet generators are 
the usual sizes employed, 

Connectiotis of the Talking and Signalit^ Ap- 
paratus. — Telephone apparatus must always be 
connected so that the following conditions arc 
satisfied: (i) When the talking circuit is not in 
use, the bell must be connected so as to receive 
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■The Completed Armature 



a signal. {2) When a signal is to be sent, the 
generator must be connected to the line wires. 
(3) When Ihc talking circuit is in use, the receiver 
must be connected to the line wires, and the trans- 
mitter, battery, and the primary windings of the 



induction coil must he connected in a local closed 
circuit. (4) When the talking circuit is not in 
use, the battery circuit must be opened. It is 
possible to satisfy these conditions with the sig- 
naling apparatus either in series with the line or 
bridged across it. 

The Series Connection is shown in Fig. 28, b 
representing the magneto bell, g the magneto 
generator, and m and n the line wires. When the 
line is not in use for conversation, the receiver r 
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Fig. 28. — ^The Series Connection. 



is hung on the end of the metal hook switch a, and 
its weight keeps a down so that it touches the con- 
tact piece c. The generator g is provided with 
a shunt s, which forms a low-resistance path around 
g when the generator is not in use. The shunt, 
however, is opened automatically when the crank 
handle of the generator is turned in the act of 
ringing the bell at the other end of the line. 

Signaling current coming in at m, passes through 
the magnet windings of tlic ])ell hj the shunt .v, 
the hook switch a, the contact c, and out at n^ 
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ringing the bell b. Condition (i) is, therefore, 
satisfied. With the exception of the shunt s being 
opened as already explained, and the armature 
winding of the generator introduced, the circuit 
through the apparatus shown remains the same 
when the generator g^ is operated to signal a dis- 
tant party, so that condition (2) is also satisfied. 
The party signaled by the ringing of the bell b 
removes the receiver r from the hook of the switch 
a and places it to his ear, whereupon a is drawn 
upward against the contact pieces u and v, as in 
Fig. 28, by means of a spring. This action leaves 
the receiver r connected to the line wires by the 
circuit m V a I y rn, and places the transmitter h, 
the battery ^, and the primary winding p of the 
induction coil in the local closed circuit eu al p h, 
satisfying condition (3). Condition (4) is satis- 
fied when the receiver r is replaced on the hook 
switch a, because the contact at u in the battery 
circuit is then opened. 

The Automatic Shunt previously referred to in 
connection with the magneto generator, is shown 
in one form in Fig. 29. A coil of the armature 
winding is represented at c, upon the armature 
core e. One wire of the signaling circuit is con- 
nected to the armature shaft, and the other wire 
to the pin which is secured to an insulated bush- 
ing a inserted in one end of the armature shaft. 
The shunt is in the form of a spring ^, screwed 
at one end to the iron core of the armature and 
carrying at the other end a weight iv. Owing to 
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the tension of the spring ^, its free end normally 
presses against the pin v, short-circuiting the arma- 
ture winding. When the armature is put in mo- 
tion, however, centrifugal force causes the weight 
w to fly out, separating the spring from v and for- 
cing it in contact with the stop p. As p is in con- 
nection with the iron armature core, the armature 
winding is thereby introduced in circuit and the 
shunt is opened. As soon as the armature ceases 
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Fig. 29. — Automatic Shunt of the Magneto Generator 



to revolve, the spring again comes in contact with 
V and closes the shunt circuit. This device is 
often called a "centrifugal" shunt owing to its 
action being caused by centrifugal force. 

The Hook Switch for a series connection is 
shown in one form in Fig. 30. It is pivoted at 
and supported at the other end by the sT^rix\<^ s.^ 
being thus free to irvove \rp ^xA ^<3^^ "te^^-^^ 
the slot in the box in >gv\v\e\v \\. \^ xw^vx^^^^^ ^^^ 
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action in making connection with the upper con- 
tacts w and V, and the lower contact c, when the 
receiver is respectively off or on the hook A, is 
already familiar to the reader. The hook switch 
is usually of brass, nickel-plated, and the springs 
are of steel with platinum tips. Platinum tips 
are employed because they do not corrode, but 
present a good wearing and contact surface. 

Details of Wiring a Series Station. — In order that 
the telephone instruments indicated in the plan of 




Fig. 30.— One Form of the Hook Switch 



wiring, Fig. 28, be properly protected from injury 
and occupy as little unnecessary space as possible, 
it is customary to assemble them in a wooden 
case such as that shown in Fig. 31, and fasten 
the case to the wall. The apparatus thus grouped 
together is known as a telephone set or station; 
in the style of case shown it is designated as a solid - 
back wall set. The wooden box a contains the 
magneto generator, magneto bell, and switch arm. 
The switch arm projects outside the box and holds 
tAe receiver. The semi-cylindrica\ \ioiv ca.^^ h 
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contains the induction coil and provides a support 
for the transmitter arm. The wooden box c holds 
the battery, which consists of two cells, and ils 
sloping top affords a place for recording notes 
received through the 
telephone. The set 
should be located in 
a convenient and ac- 
cessible, yet out-of- 
the-way place on a 
solid wall free from 
vibration ; it should 
be fastened to the 
wall with screws at 
each of the four cor- 
ners and at such a 
height that the mouth- 
piece of the transmit- 
ter when in its normal 
position will be about 
5 feet above the floor. 
The Wiring Inside 
of the Telephone Set 
is done with No, i8 
Pig. 3 1. —a SolM-back Wall B. & S. gage cotton- 
covered stranded cop- 
per wire, according to the diagram given in Fig. 
T,2. In some sets the connecting wires are run 
in grooves in the backboards or bases and cov- 
ered with hot bees-wax to exc\>i6.t iGo^x-'i^e., "^Vt 
conductors leading to t\ve ^^'[\e -«\tt% ■s^x'^ '^'^■^" 




ncctc(i respectively to ihc t)in(ling post:* i and 3, 
and to the binding post 2 is connected the ground 
wire from the lightning arrester a. The receiver 
r is connected between the binding posts 4 and 5, 




Fig. 32.— The Inside Wiring of a Series Teleph( 

usually by 2J feet of Ko. 18 B. & S. gage stranded 
twin conductors, separately insulated with a rubber 
co\'ering and together o\'erlaid with strong worsted 
or silk braid. These conductors generally termi- 
na/f in solid (j/is, and the braid Vs usuaW-j eM-eTvieiX 



to connect cither with the case or the magnetic 
system of the receiver so that there is no strain on 
the conductors. Two cells of battery o, the trans- 
mitter /, and the primary winding of the induction 
coil i are wired to the binding posts 6 and 7 while 
the switch arm s and the secondary winding of the 
induction coil i are connected between the bind- 
ing posts 8 and 9. The bell c is mounted on the 
door m of the magneto box, which is open in Fig. 
32 to show the interior connections. It is wired 
to two metal strips h and b, which, in turn, are 
soldered to the hinges of the door. On the inner 
side of each hinge is fastened a little spring which 
presses upon the opposite face of the hinge and 
insures good electrical contact with the bell cir- 
cuit when the door is closed. The dotted lines 
in Fig. 32 indicate the circuits through the mag- 
neto generator and its automatic shunt, as shown 
in Fig. 29. These circuits, as already explained, 
are formed by the parts of the apparatus itself, 
and, therefore, are not a part of the present wiring; 
they are, however, indicated in the diagram to 
make clearer the connections to them from the lower 
hinge and the binding post 7. 

The Lightning Arrester is used to protect the 
telephone set from lightning discharges upon the 
line wires, by providing for such discharges a more 
direct path to earth than that afforded by the 
telephone instruments. The Stromberg- Carlson 
carbon-block arrester shown in Fig. t^t^ v^. svcw^ax. 
to the one indicated at a, ¥\g. t^i. \>i c^xssss^s. ^^ 
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two sets of carbon blocks, cd and fx, held between 
the brass springs or clips m n and u v. The two 
carbon blocks in each set are separated by thin 
strips of mica perforated with holes, and the bind- 
ing post r, with which the central clips and carbon 
blocks are in electrical contact, must be carefully 
connected to earth by as short and straight a con- 
ductor as possible. The binding posts b and h 
must be joined to the interior circuits of the tele- 
phone set and to the line wires as already ex- 
plained. If, then, a lightning discharge comes in 




Fin. ,13. — Lightning Arrester 

on either of the line wires, its high voltage enables 
it to jump the short space between the carbon 
blocks and follow the ground wire to earth; this 
it does in preference to traversing the inductive 
circuit through the instruments. Telephone cur- 
rents being of comparative low voltage cannot 
cross the space between the carbon blocks and, 
therefore, are not diverted from their course by 
the arrester. 

The Magneto Bell in a scries telephone set offers 
the only apprccial)le resistance ihrough a station 
when the talking circuit is not in use. If the re- 



sistancc of the bell windings is small, a number of 
series telephone sets as in Fig. 34 can be joined 
in series upon a line, 
and the ringing current 
from any one of them 
will operate all of the 
bells simultaneously. 
The magnet coils of 
ringers in series tele- 
phone sets are, there- 
fore, wound to as low a 
resistance as possible; 
80 ohms is considered 
standard practice, that 
is, 40 ohms per coil with 
the 2 coils joined in 
series. Their cores are 
also made as short as 
possible to reduce any 
unnecessary impedance 
to the alternating cur- 
rent from the magneto 
generator. Although 4 
stations are represented 
in Fig. 34, 2, 3, or more 
than 4 can be joined in 
series connection by fol- 
lowing the method there 
shown; the grounded 
line wires at the 2 end 
stations will serve for 




the lightning-arrester grounds if the center and end 
binding posts on the telephone sets at these stations 
be joined together as indicated. Fig. 35 shows 4 
scries telephone 
sets wired in series 
on a complete me- 
tallic circuit. The 
ground is then used 
only for the light- 
ning-arrester con- 
iiections. 

The Interior Wir- 
ing Between the Tel- 
ephone Set and Line 
Wires is preferably 
done with No. 18 
B. & S. gage rubber- 
covered stranded 
copper wires twisted 
in pairs, unless the 
conductors are to be 
much exposed, in 
which case it is ad- 
visable to use No. 
16 B. & S. gage rub- 
ber-covered strand- 
ed wires. The rub- 
ber insulation on 
the No. 18 should be 
at least ^V inch 
thick, and on the 
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No, i6 at least /g inch thick. Copper wires in sizes 
of 19 and 20 are also used for this kind of wiring, 
but they are not considered so desirable, A table 
of dimensions, resistances, and current -carrying 
capacities of copper wires including No, 16, 18, 
19, and 20 B. & S. gage is given in the Appendix. 
It will be noticed from this tabic that the current- 
carrying capacity of the No. 18 is 5 amperes. 
As far as the current-carrying capacity is concerned, 
much smaller wire could be 
used, as telephone currents for 
the work considered in this 
book seldom exceed ^V ampere, 
but owing to the mechanical 
■weakness of smaller wire ren- 
dering it liable to be broken 
or stretched, no smaller sizes 
than No. 18 should ordinarily 
be employed. In making con- 
nections, the insulation of the 
wire must be thorough!)' 
scraped off and the wire made clean and bright at 
the points of contact. Whenever two wires are 
joined together, the connection should be soldered. 
Wires must never be installed nearer than i 
inch to any kind of piping, and if it be necessary 
to cross pipes upon which moisture is liable to 
form, the wires should be led over rather than 
under them. Porcelain insulators, No. 5, such as 
are shown in Fig. 36, should A^\e^';^sM\'^ \«. ^'5*^'^ 
(b support the wires, alxXioM^'n ^\yi X'a.W^^ -k^"^ ^^^ 



Fig. 36. — Porcelain 
Insulator for Interior 
Telephone Wiring 



fastened in place in any neat, secure, convenient, 
and workmanlike manner. Short single lengths 
of the insulated telephone wire can be used as 
tie wires in case porcelain insulators are employed. 
A porcelain insulating tube, Fig. 37, placed with 
the head c at the entrance hole, affords excellent 
protection for the wires through walls and other 
partitions; condnuous flexible tubing or conduit is 
next best; but if neither tube nor tubing is avml- 




able, the wires should be wrapped with two layers 
of insulating tape. 

Fishing for the wires between walls or under 
floors is done by boring 2 holes in the wall or floor 
along the desired path, pushing a flat spring wire 
from one hole toward the other, and catching it 
through the latter hole with a wire hook. By 
means of the spring wire, the flexible conduit con- 
taining the l(']cj)hone wires may then be drawn 
j'ato position. The flexible conduit i^y t;x.Uvi, i:w- 



ering of the wire should extend in a continuous 
length between the entrance and exit holes, pro- 
jecting beyond them about i inch in each case. 
Telephone wires must never be installed nearer 
than 6 inches to any electric light or power wire 
in a building, unless incased in porcelain tubing 
or flexible conduit so secured as to prevent its slip- 
ping out of place. 

The wires leading out of the building should 
be No. 14 weather-proof wire, protected from the 




Fig. 38. — Porcelain Drip Tube for Protecting the Wires 
from the House Wall and Preventing Water from Following 
the Wires Inside 

house walls either by a straight porcelain tube 
like that in Fig. 37, placed so as to slope slightly 
upward from the outside, or by a porcelain drip 
tube as shown in Fig. ^S, placed with the head 
c outside the building. The slanting of the tube 
in the former case, or the drip loop in the latter 
case, effectually prevents water from outside fol- 
lowing the wires within. 

Figs. 39 and 40 show, lespeeXAN^^ , o^^ \weC^^^ 
of wiring between the house axv^ V\v^ ^^"^"^ ^^'^ >^ 
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the case of a single or grounded line and in the case 
of a double or complete metatlic line. In both 
illustrations, a represents the porcelain tube, c 
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the conductors leading to the line wires, n the 
line wires, s the ground wire, / the ground rod, 
e porcelain insulators, and r the soldered connec- 
tions. 

The Wiring of the Protective Apparatus does 
not always follow that shown at a in Fig. 32; in 
fact, in recent practice the lightning arrester is 
seldom mounted on the telephone set but is placed 
on a non- combustible, non-absorptive insulating 
base immediately inside the building at the point 
where the line wires enter. As lightning protec- 
tion is necessary only from those discharges coming 
in from the line wires, this latter method is pref- 
erable to the former in that it conducts the dis- 
charges to ground by a more direct path. 

Although in many telephone installations a 
lightning arrester which will operate with a differ- 
ence of potential of 500 volts is the only protection 
provided at a station, the best practice consists in 
using in addition to the lightning arrester a fuse 
and a heat coil on each side of the line. The 
fuse is intended to open the telephone circuit in 
case the line wires become crossed with electric- 
light or power circuits, the stronger current of these 
circuits melting the fuse wire in passing through 
it. The heat coil is also intended to warm up 
and melt out with a current of sufficient strength 
to endanger the instruments if continued for a 
long time, but of so low a voltage that it would not 
traverse the lightning arrester, arvd ol ^<^ ^t^xcs!^ -2^^ 
amperage that it would rvoX. m^X "Cc^^ ^^^^ -^vt'^ 
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just mentioned. These small currents arc often 
called "sneak" currents. 

The protective apparatus just mentioned must 
be connected so that the fuses protect the lightning 
arrester and heat coils. On a grounded circuit, but 




Fio. 41. — Combination Set o£ Protective Apparatus for 
a Grounded Telephone Circuit, Showing the Necessary 
Wiring 

Fig, 42. — Combination Set of Protective Apparatus for 
a Complete Metallic Telephone Circuit, Showing the Neces- 
sary Wiring 

one set of these devices is used, connected between 

the line ivirc and the telephone set, Fiss. 41 and 

^2 ^how D. and W. combinaXioix ■piQ\.t,c\:\\»i ^wv-i 



for a grounded circuit and a complete metallic 
circuit, respectively. In the former, the circuit 
runs from the line through the 2 -ampere fuse A 
to the 0.3-ampere heat coil B and the lightning 
arrester C, as indicated by the dotted lines. The 
other terminal of the heat coil is connected to the 
telephone set, and the other terminal of the light- 
ning arrester is connected to ground. The ground 
wire from the telephone set is fastened to the bind- 
ing post 5 which is also directly connected with 
the grounded side of the arrester. For a complete 
metallic circuit, the protective apparatus in Fig. 
41 is simply duplicated, and the connections are 
made as in Fig. 42. In both cases the apparatus 
is mounted on a porcelain block. 

The Fuse should be of the inclosed type, in order 
to more securely protect the fuse wire from mechan- 
ical injury, and also to enable the arc, which forms 
when the fuse blows, to be more readily extin- 
guished. The arc is extinguished either by placing 
in the tube a compound that will suppress the arc 
or by allowing the vapor, which forms inside the 
tube when the fuse melts, to blow out the flame. 

The Heat Coil comprises a small coil of German- 
silver wire of from 5 to 50 ohms resistance, depend- 
ing upon the sensitiveness desired ; this surrounds a 
pin and is fastened to it by an easily fusible solder. 
A spring bears upon the pin so that when released 
by the fusing of the solder it comes in contact with 
the ground connection and opctv'a \Itv^ cvtoiSN- ^'^^^- 
ing through the coil. T\\c \veaX ccys\s. vcv ^^^i^- V^ 



and 42 are rated to operate at 0.4 ampere in less 
than 15 seconds, and are inclosed in cases of 
non-conducting material. 

The Location of the Protective Apparatus de- 
pends largely upon whether it is all combined on 
one base as in Figs. 41 and 42, or whether the fuse 
is separate from the lightning arrester and heat 
coil. In the former case, it is usual to mount the 
apparatus immediately inside the building at the 
point where the wires enter, so that the inside wir- 
ing will be exposed as little as possible to abnor- 
mal currents; in the latter case it is considered 
best to mount the fuse on the house wall outside 
the building, and the lightning arrester and heat 
coil close to the telephone set, so that the entire 
inside wiring is guarded, and the delicate parts of 
the protective apparatus can be easily reached in 
case of trouble. 

The Operation of Series Stations. — ^When a party 
at one of the telephone sets on a series line desires 
to communicate with a party at another set, he turns 
the crank handle of his magneto generator at in- 
tervals so as to give a certain number of rings 
throughout all the bells, ringing once to signal 
one station, twice to signal another, and so on 
according to a predetermined code. The party 
he wishes, recognizing the number of rings as cor- 
responding to his instrument, goes to the tele- 
phone and removes his receiver from the hook, 
whereupon he is in telephonic communication 

with the party who desires to speak to lv\m. Ob- 
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viously, but two parties can use the line at one 
time, and any of the others can, if they so desire, 
hear all that is being said over the line by simply 
listening at their receivers. Another disadvan- 
tage, which increases with the number of stations 
connected, is the annoyance caused by all the bells 
ringing whenever a signal is sent. 

An Extension Bell in a Series Station is often 
of great convenience, enabling two parties in dif- 
ferent rooms, for example, to utilize the same tele- 
phone set and each have their own signaling code. 




'—ill! — M—^~)^ 
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Fig. 43. — Diagram of Wiring for an Extension Bell in a 

Series Station 



Fig. 43 shows the wiring for an extension bell h 
in a series-connected station A. No. 18 B. & S. 
gage rubber-covered wire should be used for the 
leads ni and n. In the telephone set. Fig. 32, tlie 
extension bell would be connected between the 
binding post 7 and the wire leading to this l)ind- 
ing post from the magneto generator. The coils 
of the extension bell should be wound to a re- 
sistance of 80 ohms. 

The Bridging Connection. — ^Thc bxld'^xv^^ ^<^'^- 

nection of the signaling appaxvvXws nnXnXv \^^^v^^ 
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to the line is shown in Fig. 44. Comparing this 
diagram with the series connections, Fig. 28, the 
following points of difference are to be noted. 
The magneto generator a is connected directly 
across the line wires m and n. One end of the 
armature winding terminates in an insulated pin 




Fig. 44. — ^The Bridging Connection 



c in the armature shaft, and the other end on the 
armature core. When the generator is not in use, 
the armature circuit is automatically opened at 
e by the pin c being separated from the end spring. 
When the crank handle of the generator is turned, 
a spring mounted in the hub of the gear wheel forces 
the armature shaft forward so that c makes contact 
with the end spring and closes the circuit. The mag- 
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neto bell b is permanently bridged across the line 
wires and, being thus continuously in circuit, must 
offer a high impedance to the talking current so as 
not to divert it from its proper course. The ringer 
coils are therefore wound to a high resistance, 
generally 1,000 or 1,600 ohms, that is, 500 or 800 
ohms per coil, on comparatively long iron cores. 
As far as the connections for the signaling appa- 
ratus are concerned, it is thus seen conditions (i) 
and (2), previously given, on page 37, arc salislied. 




Fio. 45- — Hook Switch with Horizontal Spring Contacts 

The hook switch s is connected permanently 
with both windings of the induction coil by the 
wire 0. When the talking circuit is in use, the re- 
ceiver is off the hook switch, permitting the latter 
to be forced up by the spring / and make contact 
at u v; this action connects the receiver to the line 
wires by the circuit m^r^^gSovv, and the 
transmitter, battery, and the primary winding of the 
induction coil are connecte<l in the local closed 
circuit h 6 H -J p I, thereby satisfying con.dlt.i.ci'c 
(3). When the lalking clrcvul V=i ivoV m Nis.-;, "C^^ 



receiver is on the hook switch; the weight of the 
receiver then overcomes the force of the spring / 
and, by pulling the switch z down, opens the con- 
tact made dXuv and thus opens the battery circuit, 
satisfying condition (4). 

Different forms of the hook switch for a bridging 
connection are shown in Figs. 45 and 46. In the 
Kellogg hook switch. Fig. 45, the contacts are 
formed by a series of German-silver springs at a, in- 
sulated from each other, and from the frame and the 
hook lever r, by hard rubber. The contact points 
are of platinum, riveted to the springs. The main 
spring h is also of German silver, and is fastened 
so as to act on the lever r* through a short moving 
distance. In the Swedish- American desk-set hook 
switch A^ Fig. 46, the contact springs are mounted 
vertically at c, and the main spring has the form 
shown at d, ^The principles of operation involved, 
however, are the same as previously described. 
Connection with the contact springs is made by 
the flexible wire cord shown entering the base s 
through the hard-rubber bushing e; and when the 
parts are assembled as shown at B, Fig. 46, the 
skill of the designer is appreciated. 

Details of Wiring a Bridging Station. — The wood- 
en box shown in Fig. 31 for housing the tele- 
phone apparatus of a series station would serve 
equally well for holding the apparatus of a bridg- 
ing station, so that as far as outer appearances are 
concerned the two kinds of telephones may be 

similar. The wiring inside o^ VVve WiA^vcv'^ VviVvi- 
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phone set, however, differs considerably from the 
former'case, as already noted, and is shown in 
detail in Fig. 47. Particulars relating to the kind 
and size of wire to use, the connections for the 




Fio. 47. — The Inside Wiring of a Bridging Teleph< 



protective apparatus, and the wiring up to the 
line wires are identical with those already given for 
the series station, and the reader is referred to 
them for further details. 
An Extension Bell in a Biidgltn^ SSaXioi). \^ y^t 



as convenient and as readily connected as in a 
series station. The two wires from the binding 
posts m and « of a bridging extension bell, Fig. 
48, would be connected respectively to the binding 
posts I and 3, Fig. 47. The ringer coils In the 
Acme extension bell shown are wound to a resist- 
ance of 1,000 or 1,600 ohms to correspond with 
those in the main telephone set. 
The Wiring for a Desk Set is shown in Fig. 49. 




Fir. 48. — An Extension Bell for a Bridging Station 

The line wires m and n are brought to the connect- 
ing rack r, on which is usually mounted the induc- 
tion coil ac. The primary winding of this coil is 
denoted by a, and the secondary winding by c. 
The battery b Is generally placed near r, and the 
desk set, comprising the telephone stand s, and the 
box d containing a magneto bell and generator, 
is placed where desired, the 1.e\c"^\votvft otv '<!^\'i^ ^«§i., 
and the box screwed eilYvet vtivAc": \\. o^ ^xN^s. ■sA*-. 



Three-wire twisted conductors, each of No. i8 B. & 

S. gage rutjber- covered wire, join the binding posts 
1, 3, and 5 on the rack, to the respective binding 
posts I, 3, and 5 on the telephone stand. The mag- 
neto box may be connected to the line wires either 




Fig. 49.— The Wiring and Connections (or a Desk Ret 



with straight or twisted conductors of No. 18 B. 
& S. gage rubber- covered wire, 

Hodifications of the Bridging Connections are 
numerous. One of the commonest is that in which 
the bell and generator, instead of being in parallel 
with each other across the line, are joined in series 
and bridged across the line as in ¥\£. =)Ct, TVifc 



generator g is then provided with an automatic 
shunt, Fig. 29, and consequently offers no resist- 
ance to the incoming signaling current when not 
in service. The magneto bell b being constructed 
the same as in Fig. 44, presents sufficient impe- 
dance, however, to prevent the talking current 
being shunted through this path. 
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Fig. 50. — Bridging Connection with the Bell and Gen- 
erator in Series 

Other modifications are shown in Fig. 51, where 
is the battery, / the transmitter, p the primary 
of the induction coil, s the secondary of the induction 
coil, r the receiver, g the magneto generator, b the 
ringer, m and n the line terminals, and e the ground 
terminal. At A are given the connections for a 
bridging station in which the V^eW ^x^A ^^x^fc^*^^'^ 
are automatically disconnecled (iuxm^^oxvNVix^'^jX^^^ 
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Although the bell and generator are here shown 
in scries connection across the line, they may be 
joined in parallel with each other if an open-circuit 
i used, and operated as in Fig. 44. As 







Fig. 51. — Modifications of the Bridging Connection 



in previous cases, either a grounded or a com- 
plete metallic hne circuit can be used. At B is 
shown an arrangement in which the tallying cir- 
cuit is metallic, and the signaling circuit is ground- 
ecf, the talking circuit or the signaVm^ dttuA 



being automatically introduced by the action of 
the hook switch. When the receiver is on the 
hook the signaling apparatus is in circuit, and 
when it is oflf the hook 
the signaling appara- 
tus is entirely discon- 
nected. At C is given 
a plan of wiring for a 
wall set, somewhat 
different from that in 
Fig. 47, and at D is 
a different form of 
wiring from that in 
Fig. 49 for a desk set. 
The ringers are all of 
the bridged type. The 
generators in cases A 
and B arc provided 
with automatic shunts, 
but in the cases C and 
D they are of the open- 
circuit type. 

The Op ration of 
the Bridging Station. 
— Bridging stations 
when operated on a 
grounded system are 
connected together as 
shown in Fig. 52, and 
when operated on a 
complete metallic sys- 
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tem arc Lonneclcd together as in Fig. 53. As pre- 
viously noted, disturbances are more frequent in 
grounded systems, but only half as much line wire 
is required as with 
complete metallic 
circuits. The ordi- 
nary operation of 
bridging stations is 
practically the same 
as already described 
for series staUons, 
a party ringing once 
to signal one station, 
twice to signal an- 
other, and so on, or 
by a predetermined 
code of long and 
short rings accom- 
plishing the same 
results. As, in the 
preWous case, the 
line is serviceable 
for but two parties 

- at a time, there is 

■ no privacy afforded 
the conversation, 
and the ringing of all 
the bells simultane- 
ously is somewhat 
annoying. Notwith- 
standing these dis- 




advantages, both the scries and the bridging sys- 
tems arc widely used in small communities, the 
cost of such installations being materially less than 
for direct -line service. 

It has been estimated that for small business- 
houses, or where 8 or lo calls are the daily average, 
but two stations should be connected on a line ; for 
residences, or where 3 or 4 calls per day are usu- 
ally made, but 4 stations should be connected; 
and for certain rural districts, up to 10 or 12 sta- 
tions are practicable. 

The bridging system is preferable to the series 
system in that the path of the talking current is 
cleared of the impedance offered by the various 
bell magnets in the latter case, for when the bells . 
are in series their individual impedances are added 
together. It is thus i)ossiblc in the bridging sys- 
tem to have a greater number of stations connected 
on a line (in certain localities as many as 25 are 
connected), to operate overmuch longer distances, 
and to have far better service than in the series 
system. On the other hand, bridging bells, which 
on any one line should all be wound to the same 
resistance, cost from 25 to 50 per cent, more than 
series bells, and when many stations are connected 
4- magnet generators must be used in place of 
3-magnet generators; these increased expenses, 
however, are small in comparison with the advan- 
tages mentioned. 

Different Forms of Telephone Sets. — Telephone 
sets are made up in a great variety of ways; two 
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of the most coinmon forms are the solid-back wall 
set and the desk set shown respectively in Figs. 
31 and 46. In addition to these a number of 
other forms are shown in Figs. 54, 55, 56, and 
57. Fig. 54 illustrates a cabi- 
net wall set. This set differs 
from the solid-back wall set, 
Fig. 31, in having the battery 
box b extended to the floor 
so that the set is supported 
upon the floor rather than by 
the wall. This is desirable in 
cases where the wall cannot 
be used for the purpose. The 
induction coil is mounted in 
the magneto box a, and the 
battery cells arc placed one 
above the other in b instead 
of side by side as in the solid- 
back wall set. Fig. 55 shows 
a hotel or residence set, its 
compactness being its chief 
characteristic. At B the door 
of the set is open, showing the 
box to contain all of the tele- 
jihone apparatus except the 
battery, which must be placed 
elsewhere. The transmitter is placed upon a knuckle 
joint, which permits of the usual vertical adjust- 
ment provided in most sets for conforming to the 
height u/ (be usct. Fig. 56 shows a swinging- 




Wall Set 



ann desk set tor office use. This set (litTers con- 
^erably from the desk set, Fig. 46; its adjustable 




arm a enables the apjiaraUis lo hv kept ready for 
instant use, yet out oi \.\\c wan -iTvCi ■i*i«:>it>2ci S^itsN.- 



ened in place. Fig. 57 shows a desk cabinet set, 
intended for use where it is desired to sit down in 
telephoning; this set is especially suited for hotels, 
business offices, and telephone booths. The trans- 
mitter ( is mounted on an iron arm, and the head 
of the transmitter is hinged so as to be adjustable. 
The battery is placed in the box b below the writ- 




FlC. 56. — Swinging-Arm Desk Set 



ing desk m, and the rest of the apparatus is mounted 
in the glass-covered compartment «. 

Telephone Booths. — These are sound-proof wood- ^ 
en cabinets containing a telephone set and the 
necessary space for one person in telephoning^ 
They are built wilh double walls, roof, floor, door, 
and windows, and have an air space of 5 inch bo- 
tween the inner and outer parts. Tbis ait ^.■^'a.iic 



(leadens or retards the passage of sound from the 
out^de to the inside, or the reverse. Fig. 58 shows 
the usual form of a telephone booth. 




Fio. 57. — Desk Cabinet Set 




Fig. s8.— Telephone Booth 




Fig. S8a. — Central Office Exchange Desk. 
Pay Station Telephone Set. — The telephone 
set shown at Fig. 58b is a modified form of desk 
set, inchidiiig a pay station attachment that per- 
mits the central operator to know if payment has 
been made before a connection is made with the 
subscriber asked for. In operation, the es.-!en 
tials are the same as any telephone, the only dif- 
ference being the addition of the coin collecting 
box at the side of the regular instrument. This is 
so arranged that the 'm\.eTV« ■m^'A\a.NNX-w\\ \* 
brought into action by tt^e \ia.s?.B.^t o'i- '■^ ■4»\^^^^ 



coin or number of coins tlirongh the box, and 
the central oi>erator is able to tell whether or not 
the money asked for has Iweti deposited hy the 
nser. For instance, it is desired to call up a cer- 
tain number. The receiver is removed from the 
hook in the usual manner and central called 
without depositing any money. As soon as the 
central office operator finds the party asked for, 
she informs the party at the pay station to deposit 
coin enough to pay the regidar toll rate. If the 
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t'lO. sSc.^Branch Exchange Set. 

charge was 10 cents, the party at the pay station 
could use either a 10-cent piece in the slot marked 
to receive it, or two nickels could be dropped in 
the slot of proper size. If the call is a long dis- 
tance one, and the charge was 40 cents, the cen- 
tral would indicate the charge, and the party 
would drop a quarter in one slot, a dime in the 
center one and a nickel in the outside one, thu?, 
making up the correct amovmt ol \\\« 0^'.\t%«i- ^^^ 
each coin was dropped in X\\e ^\oX ■vl\*!;\'^"^'^^*^» '^-'^ 



electrical connection is made and suitable indicat- 
ing apparatus gives the operator warning that 
the proper amount of money has been deposited, 
and she can then complete the circuit between 
the pay station and the subscriber desired. Other 
forms are supplied in which it takes a S-cent piece 
to close the circuit and call central, and in event 
of the call not being answered, the central station 
operator may operate a simple electrical mechan- 
ism that will return the coin to the user. 

A typical branch exchange set, such as used by 
many industrial establishments, is clearly shown 
at Fig. S8c. This is a common battery switch- 
board of 30 lines capacity and fitted with lamp 
line signal equipment. The cabinet is compact 
and the entire equipment is so arranged to be 
accessible, yet well protected. An outfit of this 
nature is well suited for office or factory use 
where the operator also acts as information clerk 
at the entrance to the company's plant. 
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INSPECTION AND MAINTE- 
NANCE OF TELEPHONE 
INSTRUMENTS 

The Receiver. — Receivers, on account of their 
location entirely outside the telephone case, are 
particularly exposed to injury. During the inspec- 
tion trips, which should be made every three or four 
months, the receivers should be given special atten- 
tion. The diaphragm cap should be unscrewed 
from the body of the receiver, and the diaphragm 
examined to see if it is bent or rusty; if either of 
these symptoms show up it should be replaced by 
a new diaphragm, but if apparently all right it 
should be dusted and used again. The strength of 
the permanent magnet should be tested by placing 
the diaphragm in contact with the pole faces; if a 
violent shaking of the magnet lengthwise fails to 
dislodge the diaphragm, the magnet is sufficiently 
powerful. Another method of testing the magnet 
consists in seeing if it will hold up the diaphragm 
by its edge. If the magnet fails to pass either ot 
these tests, a new receiver sYvo\x\d\iQ: s^:)^c>'t^C\\xi^.^^• 

In reassembling the pait.?> ol \\vvi xv^ccvn^^ 
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must be taken to have the faces of the magnet 
exactly ^^ '^^^^ from the diaphragm. This can 
be tested with the diaphragm off by placing a small 
flat stick across the circular support of the dia- 
phragm and measuring the distance between the 
stick and the pole faces of the magnet. If the 
magnet is not in its proper position, it must be 
adjusted by turning it on the screw which holds 
it to the case. All parts must be perfectly clean 
when reassembled. 

Receiver cords should be tested for a possible 
break or poor connection by listening in the re- 
ceiver while the wire cord is moved or twisted; 
perfect receiver cords with clean bright tips se- 
curely connected to the binding posts are neces- 
sary for satisfactory operation. The sizzling sound 
sometimes heard in a receiver results from loose 
connections or from too strong a talking current 
rather than to a defect in the receiver. 
. The Transmitter. — Transmitters are less liable 
to get out of order than are receivers. Loose con- 
nections and too strong or too weak a battery cur- 
rent are often responsible for so-called transmitter 
troubles. If the current is too strong the carbon 
in the transmitter will heat, and if granulated 
carbon is used it will then become packed; on 
the other hand, too weak a battery current will 
give a weak transmission. Packing of the carbon 
granules can usually be overcome temporarily by 
lightly tapping the side of the transmitter, and 
permanently by using not more lYvaiv \?«o Y\3J\e.x 
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cells in series or their equivalent in the other forms 
of cells previously described. 

In the Blake transmitter, it is very important that 
the contact between the platinum ball and carbon 
button be kept clean and in good condition; other- 
wise the sound will be scratchy. As the platinum 
ball by pressing against the carbon tends to roughen 
it, the latter should be rubbed occasionally with 
emery cloth and polished with a clean piece of 
paper. The platinum ball should also be polished, 
using unglazed writing-paper for the purpose. 
The springs must be left tightly clamped to their 
supports, and the final adjustments made by the 
bottom screw. If the sound is hollow the dia- 
phragm should be given more play by loosening 
up the damper, and if there is a metallic pitch to 
the sound the diaphragm is probably bent. 

The solid-back transmitter seldom requires at- 
tention. At times, however, the nuts at y, Fig. ii, 
binding the diaphragm at its center to the inner 
metal cone become loosened and have to be tight- 
ened, because the vibrations of the diaphragm are 
not then perfectly transmitted to the carbon, and 
the sounds are more or less indistinct. To tighten 
the nuts it is necessary to remove the metal cover 
r r from the case 5 by unfastening the screws around 
the outer edge. TJhe nuts can then be loosened 
and the diaphragm adjusted to its proper place, 
after which the nuts may be tightened and the parts 
reassembled. If the diaphragm K^Jt* b^^^^v^^^a^^ 
in any way, it is reached by io\\oV\Tv% \>cv^ vcssJco^^- 
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tions just given, and should be replaced with a new 

Poor transmission of speech is not always due 
to a defect in the transmitting devices. It may 
be caused by an improper use of the telephone 
as indicated in Fig. 59; in such a case the trans- 
mission will be indistinct and weak, no matter how 
good the transmitter and the other apparatus. 
Holding the transmitter against the breast as has 





Fig. 59. Fig. 'io. 

Fig. 59.- — Improper Position in Telephoning 
Fig. 60.— Proper Position in Telephoning 

recently been advocated by some medical authori- 
ties, instead of in front of the lips, may have its 
advantages from a hygienic point of view, but the 
voice is not transmitted as clearly nor as well because 
in the former case the vibrations of the larynx must 
travel a comparatively long, obst luctcd route through 
the lungs, thoracic walls, and garments of the user 
instead of through a short froe-air si>ace in the latter 
case. I''ig. 60 shows the proper way to use llu> 
transmitter in talking, to secure t\it Vicstj tcsult.'i. 



The Battery. — Battery troubles generally arise 
from an exhausted battery solution, insufficiency 
of zinc, inferior quality of the plates, or from poor 
connections with the plates. An exhausted battery 
solution in the Leclanch^ cell is indicated by crys- 
tals collecting on the zinc; in the Fuller cell, by the 
color of the liquid becoming dark; and in the grav- 
ity cell, by the position of the dividing line between 
the two solutions being too high or too low. The 
dividing Une should be kept about i inch above 
the copper plate either by replacing a portion of 
the zinc sulphate with water or by introducing 
more copper-sulphate crystals; the addition of the 
water will cause the dividing line to drop, and the 
addition of the crystals will cause it to rise. Dry 
cells become exhausted in from six months to a year 
and a half, depending upon how much the tele- 
phone is used; when they have become exhausted 
they shguld be replaced by new ones. During 
their useful lua they require practically no tante- 
tion. Porous cups in batteries should be renewed 
when they take on a rusty color. 

Battery zincs require as much attention as the 
solution. When they become coated with salt, 
it is necessary to scrape and thoroughly clean them; 
if they have been much eaten away, new ones 
should be substituted. In purchasing new zirics, 
it is advisable to select only those having a light 
color and which give no indications of being porous, 
as they are then less liable to certain vk^\s:c^^^. 
If the zincs are not amalgarcvat^d \^\vet\. ^>^Oc^^^:fc^> 



this should be done by first cleaning them in sul- 
phuric acid and then rubbing mercury over their 
surface. Copper plates after much usage become 
so filled with salt that their effective surface is 
considerably lessened , they should then be replaced 
by new ones. 

The terminal connections of the battery must 
be kept tightly screwed and free from creeping 
salts. The contact 
surfaces should be 
made clean and bright 
before they are placed 
together. In connect- 
ing a wire to a bind- 
ing post it should be 
bent around the screw 
as at Ay Fig. 6i, so 
that the nut when be- ^^ ^ 

ing screwed on will Fig. 6 i.— Right and Wrong 

tend to draw the wire Ways of Connecting a Wire to 

a Binding Post 

closer to the screw and 

not throw it out as it would if the wire be bent 

as at B. 

Although a defective battery may usually be 
remedied by treating the apparent trouble, the ex- 
act working conditions of a cell can best be learned 
by testing its voltage with a low-reading voltmeter, 
Fig. 62. Comparing the reading on the scale a 
when the terminals of the cell are disconnected 
from the telephone circuit and joined by short 
w/res to the binding posts c and s oi the meter, v;lth 
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the figures previously given for the electromotive 
force of the kind of cell tested, will show the true 
operating condition of the cell. A battery is often 
exhausted unnecessarily by the user of the tele- 
phone forgetting to replace the receiver on the hook 
switch when through talking. This leaves the 
battery circuit closed through the transmitter and 
primary winding of the induction coil, and makes 
the cells work continuously. 
The Magneto Bell.— A thorough inspection of 
the magneto bell neces- 
sitates the door of the 
magneto box being 
opened and an exami- 
nation made of the 
movement of the clap- 
per. If the clapper 
clings to one gong, that 
gong should be moved 
Fig. 62— a Low-Reading slightly toward the 
B^e ' ^uT^*^"^ ^""^ Testing other gong and against 
the clapper. If the ring 
is not loud and clear, it indicates that the gongs 
are too close together. They should be so adjusted 
that the clapper just touches their edges when in its 
extreme positions. The soldered connections in 
the bell circuit on the door and hinges should also 
be carefully examined. 

The Magneto Generator. — Defects in generators 
can usually be traced to their circuvl-c\!CKw\% &<!:- 
vices. In series generators &e s^tVcv^ 'iV "^^^ ■i»-^»- 




matic shunt is usually the cause of the trouble; 
in bridging generators, the contact between the 
armature shaft and contact spring is often de- 
fective by reason of dust and oil accumulating 
thereon. A slight bending of the spring, or per- 
haps a new one, will be required in the former 
case, and the cleaning of the contact surfaces will 
be necessary in the latter case, to set matters right. 
If platinum contacts are used, unglazed writing- 
paper should be employed to clean them; other- 
wise emery cloth or sand-paper may be used. 
Occasionally, the permanent horseshoe magnets 
become weakened, preventing the development of 
current. This can easily be tested by placing the 
fingers across the terminals of the generator and 
turning the handle. If no shock is felt with the 
contacts and springs in good condition, the mag- 
nets are at fault and a new generator should be 
put in. An occasional oiling of the gear wheels 
and armature bearings is necessary to make them 
run smoothly. 

The Hook Switch. — This part of a telephone 
set sometimes fails by making poor connections 
with the contact springs. In a series set, the trouble 
is usually in the contact with the lower spring, in 
which case the bell circuit will be open when the 
receiver is on the hook. In a bridging set, accu- 
mulations of dust on the springs actuated by the 
hook switch may cause poor contacts between the 
springs, or they may have become slightly l^ent 

out of shape. A slight bending oi Ihe s^prirv^s and 

90 



the use of unglazed writing-paper or fine sand- 
paper are the remedies to apply. 

To Locate Trouble in a telephone station with- 
out examining each part of the apparatus sepa- 
rately, the inspector should proceed as follows. 
If the trouble is in the signaling circuit and is 
such that the station can be called butr cannot call 
others, the magneto generator should first be tested. 
This, in case of a series set, should be done by 
connecting together the top binding posts of the 
set and turning the handle of the generator; if 
the bell of the set rings, the generator is all right; 
but if it does not ring, the generator must be exam- 
ined for the defects previously suggested. In case 
the bell rings, the short-circuiting wire should be 
removed from across the top binding posts of the 
set and placed across the Une circuit at the point 
of entrance to the building. The ringing of the 
bell now indicates that the inside wiring is all right 
and that the trouble is elsewhere. The ground 
connections might then advantageously be in- 
spected. In case of a bridging connection, the 
generator, if in good order, should ring the bell of 
the set without any changes being made in the 
wiring. If it does not ring its bell, an examina- 
tion should be made of the generator; but if it can 
do this, an inspection is necessary of the other 
ringers on the Une to see if all of them have the 
same resistance. 

If the station cannot be called but c^^ ^'^ 
others, the hell should fiisV \)C e^^mvc\fcCi.\ vcs. ^-as.^ 



of a bridging bell, the generator of the set should 
also be inspected for a short circuit between its 
contact spring and the insulated pin on its arma- 
ture shaft, and the resistance of the ringers on the 
line should be checked up. 

If the trouble is in the talking circuit and is such 
that a mes^Sage can be received but not trans- 
mitted, the battery would first be suspected; next 
a broken connection in the battery circuit; and 
finally, a damaged transmitter. 

If a message can be transmitted but not re- 
ceived, the fault is obviously in the receiver. Weak 
incoming messages and signals, however, may be 
due to poor connections. 

The Inspector's Kit should contain a screw- 
driver, tack hammer, file, pair of long-nosed pliers, 
pair of cutting pliers, trimming knife, soldering 
lamp and iron, solder and soldering fluid, roll of 
rubber tape, coil of No. i8 insulated wire, small 
bottle of machine oil, dust brush, candle, small 
loW-reading voltmeter, chamois skin, cloth, and 
oil or paste for poUshing outside of telephone set, 
fine sand-paper, emery cloth and unglazed writing- 
paper, box of nuts, screws, staples, and washers, 
box of granulated carbon, box of carbon buttons, 
receiver and transmitter diaphragms, receiver cords, 
magneto-box hinges, rubber bands, dampers, and 
contact springs. In a separate bag should be the 
battery supplies, comprising zincs, carbons, cop- 
per plates, porous cups, solution ingredients, or 

dry cells, depending upon the kind of batteries in 
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use. Some cotton rags or waste, and a sponge, 
should be included if wet cells are employed. 
Glass battery jars cannot well be carried with the 
other materials, and if any of those in use are found 
to be broken or cracked, a separate trip should be 
made. 

Proper Ground Connections. — Lightning ar- 
resters are useless unless properly grounded, and 
as the general practice in installing residence sets 
is to use a water or gas pipe for a ground, it is 
important that a positive connection should be 
made with minimum trouble and preferably with- 
out soldering. Se\'eral clamps have been devised 
that only call for scraping the pii>e to insure a 
bright contact surface between the connection 
clamp and pipe that gives very good results in 
practice and which are cheap, simple in construc- 
tion and easy to install. 




Fig. 62a. — Practical Ground Clamps. 
The Vogel clamp, shown a.\.V\%, (<l-i., A.'v^ 
signed for grounding te\e\SVAuv\e , leV^.'^'^^"^ 
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signal lines and is being universally adopted by 
the leading companies in the field. It is self- 
contained, there being no detachable parts to be- 
come lost, and it is claimed it can be adjusted in 
less than a minute, and is cheaper and more per- 
manent than a wrapped joint. As most ground 
connections are made to a water pipe, it is diffi- 
cult to make a solder connection, therefore the 
use of ground clamps. 

The band of the clamp is of 98 per cent pure, 
soft copper and heavily tinned with pure tin, the 
clamping piece is of spring brass and bolts and 
nuts of brass. The clamp remains tight under 
expansion or contraction of the pipe — the spring 
tension of the clamping piece does the trick. This 
clamp is adjustable, fitting from one-half to two 
inch pipes or cables. It has been subject to the 
severest tests in service and will safely carry a 
discharge of 300 amperes. 

The Blackburn clamp is shown at B, Fig. 62a, 
and is similar in general design to that previously 
described except that a set screw is used to tighten 
the contact band around the pipe. A nut on the 
clamping screw insures that the wire will be prop- 
erly secured to the ground clamp, and the band is 
provided with a series of holes so it can be ad- 
justed to different sizes of pipes. 

Simple Wire Skinner. — A very useful and 
simple tool for all wiremen is the P. and G. wire 
skinner, which is illustrated at Fig. 62b, as well as 
t/je method of using it. It consists oi ^ \yv^ce. oi 
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spring steel bent in the form of a pair of tweezers 
about 3j/^ inches long, and having two ends bent 
at right angles to the main sides of the instru- 
ment. These ends are provided with a sharp cut- 
ting surface to strip the insulation from heavy 
wires while the nicks are for duplex wires. It 
not only strips off the insulation but will separate 
the two wires of a duplex conductor with one pull. 
It can be used with any kind of insulated wire, 
including weather proof, rublier covered, cotton 
covered, braided, lead covered, lamp cord, etc., ■ 
without cutting or otherwise marring the wires. 




Fig. 62b.— p. and G. Wire Skii 



Examining Partition Interiors. — A pocket 
flashlamp and a small mirror will be found of 
considerable value in inspecting the interior of a 
wall or partition that would ordinarily be inac- 
cessible. For fishing wires, xeWXeNm^ csidsa. -s^^ 
inspecting finished work t\vis vise «^ ^ V'wcwsj ■*■■"■ 



mirror provides a labor saving kink. The mir- 
ror has only to be introduced to the outlet hole in 
the wall, the flashlight and eye being held behind 
it as illustrated in Fig. 62c. The mirror reflects 
the lamp light into the space and the beam illumi- 
nates any objects within range. As the object is 
illuminated, the image will be reflected back to 
the eye by the mirror. The usefulness of this 
little device is as great as its simplicity. 




Fig. 63c. — Examining Partition Interiors. 
Extending Radius of Action of Telephone Bell. 

— Frequently the telephone is not heard in all 
portions of the house when it rings and many 
calls are not answered because of this. If the 
telephone is in a lower hall, it can seldom be heard 
upstairs. An ingenious and cheap extension that 
wiJ] make the ringing of the telephone audible is 
illustrated at Fig. 62d. This device comwl^ ol Xwo 




Telephone Bell 



Dry- Batle^l 



Fig. 62(1.— Extending Radius of Telephone Be'.l. 

copper strips, DD, set into two binding posts and 
attached to the wall above the bell. The lower 
portions of the strips are interposed between one 
of the gongs and the clapper. As soon as the 
telephone hel! rings it makes and breaks the cir- 
cuit of an electric bell, B, and battery, C, that can 
be located in any part of the house and at any 
distance from the telephone bell. A, 



TELEPHONE LINE WIRING 

The Route to be taken by the telephone lines 
is governed by the location of the stations to be 
connected, and by the streets, roads, or alleys along 
which rights of way can be obtained. The shorter 
the line and the straighter its course, the better. 
Rights of way must generally be secured by deal- 
ing individually with each property owner on whose 
land poles arc to be placed. The agreements thus 
made should be in writing and should state with 
reference to a sketch the number and location of 
poles to be erected, braced or guyed, and the ex- 
tent to which tree-trimming can be carried. These 
matters should be settled definitely before begin- 
ning the construction of the pole line. 

The Pole Line consists of poles set in line along 
the route chosen. Each pole carries one or more 
cross-arms or brackets near its top, and each cross- 
arm usually carries from 6 to lo glass insulators 
supported on wooden pins. The line wires are 
tied to the insulators and run parallel with each 
other from pole to pole. When the line consists 
of less than 6 wires, brackets fastened to the sides 
of the poles are generally used in place of cross- 
arms for supporting the msuValois. WVv^xs. IK^ 
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line consists of more than 15 complete circuits, 
that is, more than 3 lo-pin cross-arms can carry, 
a 50-pair cable is suspended between the poles, 
and the cross-arms are used for further growth. 

The Location of the Poles according to the right- 
of-way agreements should at first be indicated by 
stakes driven in the ground at uniformly equal 
distances of 130 feet. This spacing will require 
40 poles per mile of line. At curves and at rail- 
way and stream crossings, however, the spacing 
may have to vary so as to conform to the existing 
conditions and afford the proper strength and 
alignment. Along railway lines the poles should 
not be set within 7 feet of the edge of the rails, 
and the line wire must be at least 22 feet above 
the top of the rails. In crossing roads, streets, or 
highways the vertical distance between ground 
and wire should be at least 18 feet, and the cross- 
ing should be made at an angle of 45 degrees. 

In crossing hilly country the shortest poles should 
be used on high ground and the longest poles in 
the valleys, as in Fig. 63. The intermediate poles 
should be of such lengths that the difference in 
height between adjacent ones will not tend to lift 
any of the insulators off their pins; in Fig. 64 such 
a tendency exists at a. The smoothest and best 
proportioned poles should be reserved for use in 
front of residences, and the heaviest poles for the 
comers and curves. 

Telephone Poles. — Chestnut, soulVvercv^^^'ax^'zcwiv 
Norw'a/ pine are the woods no^ d5\\^^ >^'y^^ V^'^ 
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telephone poles. The timber should be cut in 
the winter months, from December to February, 
when the sap has left the trees and growth is tem- 
porarily suspended. The presence of sap in a 




Fig. 63. — Proper Distribution of Poles in Hilly Country 

pole causes it to rot quickly. Each pole should 
have not more than one bend nor a sweep of over 
12 inches; it should be closely grained, free from 
large knots, and its heart must be sound and firm. 
The bark and branches should be removed and 
the pole cut to the required length a,s soon after 
it has been felled as possible. The required length 
depends upon the number of cross-arms it must 




Fig. 64. — When Poles All of the Same Lengths are Used 
in Hilly Country, Some of the Insulators May be Lifted 
Off their Pins 

carry and the obstacles to be cleared by the wires. 
With I cross-arm, the pole must be at least 15 
feet above ground and at least 5 feet in the earth, 

so 20- foot poles are the shortest oives pracUcar 
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ble. Longer poles usually vary by 5 feet up- 
ward to 70 feet and are buried from 6 to 8 feet in 
the earth. The circumference at the top of the 
pole and at 6 feet from the butt must be considered 
in selecting poles. These dimensions should be 
proportional to the length of the pole and should 
approximate those given in the following table for 
poles from 20 to 70 feet long : 



Lenffth of 

Pole, in 

Feet 


Circumfer- 
ence at Top, 
in Inches 


Circumfer- 
ence Six Feet 
from Butt, 
in Inches 


Approximate 
Weight per 
Pole, in 
Pounds 


Depth in Feet 

to which Pole 

Should be 

Buried 


20 


13 


24 


100 


5 


25 


19 


27 


350 


5i 


30 


22 


34 


450 


5i 


35 


25 


40 


600 


6 


40 


25 


43 


800 


6 


45 


25 


46 


1,000 


6i 


50 


25 


50 


1,250 


7 


55 


25 


54 


1.550 


8 


60 


25 


58 


2,000 


8 


65 


22 


58 


2,700 


8 


70 


22 


64 


3.400 


8 



The top of each pole should be slightly pointed 
as in Fig. 65 and then painted to enable it to shed 
water. A number of gains n should be cut in the 
pole, corresponding to the number of cross-arms 
to be used. The center of the first gain should 
be 10 inches from the top of the pole, and the cen- 
ter of each subsequent cut should be 24 inches 
below that of the ])receding one. The ^aiwT^ 
should each be 3 J inches md^i aivd \ vcvOcv ^^^'^^ 
true and square with the. axis oi VYvc ^o\vi ^o NXvaX v^^ 
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cross-arms when fitted in them will be at right 
angles to the pole in all directions. Each gain 
should be bored for one f -inch bolt, directly through 
the center of the pole and at right angles to the 
gain, and should be painted to protect it from 
moisture. A paint well adapted for the top and 
gains of a pole is Prince's metallic paint, mixed 
in the proportion of 7 pounds of the dry paint to 



13^Hh'4'' 





Fig. 65. — ^Telephone Pole Top Equipped with Cross Arms, 

Braces, Pins, and Insulators 



I gallon of linseed oil. Two thick coats of this 
paint should be applied. 

In Setting Poles a hole for each one is dug in 
the ground to a depth of 5 to 3 feet, depending 
on the height of the pole and the condition of the 
ground. When the ground is of normal consist- 
cncy, the depths noted in the table just given are 
considered proper for straight \ines; on cotYifc\«» 
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and curves the strain is greater, requiring J foot 
greater depths than tabulated. The hole should 
be dug large enough to allow the pole to be dropped 
straight in without forcing it. Poles less than 45 
feet in length arc raised as shown in Fig, 66. 
This generally requires about 6 men, 4 of whom 
are provided with pike poles m, n, r, and s, that is, 
wooden poles from 8 to 14 feet long terminating 




Pio. 66. — Method of Haising a. Telephone Pole 

in sharp iron points. The 4 men are distributed 
around the telephone pole which is placed with 
its butt projecting over the hole dug for it, and, by 
sticking their pikes in the pole and pushing, raise 
it to an upright position in the hole. The fifth 
man a, standing at the hole, guides the butt of the 
pole in the proper direction, while the sixth man 
c, with a heavy [jole tcrminalm^ m a.\i-'^w^<S.\'i«o. 
prong called the dead man, sXeaAVes. n}c«- "^"^^ "^"^ "^"^ 



is being raised. Poles over 45 feel long are raised 
by means of a tripod-derrick erected over the hole. 

The pole must be given its proper position in 
the hole before the earth is packed around it. In 
straight lines the pole must be placed perpendicu- 
lar; at curves, it should be inclined slightly outward 
to compensate for the pull of the wires. The 
poles must be turned so that the gains for the cross- 
arms on consecutive poles come on aUemate 
sides; this will lessen the •number of cross-arms 
liable to be pulled off in case of a pole breaking. 
On straight lines the gains should be perpendicular 
to the linc!, and on curves they should be set ra- 
dially. While the pole is held in its proper position 
the open space in the hole is filled in by means of 
one shovel, the earth being packed solidly around 
the pole by the simultaneous use of three tampers. 
Coarse earth or gravel should preferably be used 
at the top of the hole. When the ground is sandy 
or marshy a 6- or 8-inch grouting composed of i 
part Portland cement and 2 parts of sand mixed 
A\dth broken stone may well be used as an artificial 
foundation. 

Side Strains on Poles at curves and comers must 
be counterbalanced by means of guys or braces. 
For guys, galvanized steel cable composed of not 
less than 7 strands, each 0.109 inch in diameter, 
must be used. One end of this should be fastened 
to an iron rod a, Fig. 67, about 8 feet long, which 
is threaded at the lower end and provided with a 

nut and washer s. This rod \s pa?>^Gd VVvtow^ ^ 

104 



plank m and log c, the latter about 5 feet long and 
not less than 8 inches in diameter, and then buried 




Fig. 67. — Method of Guying 3 Telephone Pule 



6 feet under ground in such a position with respect 
to the pole that it will lie in the direction of' the 



(> — 



Fig. 68. — Plan of Pole Line, Showing the Proper Posi- 
tion of a Guy and a Brace for Counterbalancing the Side 
Strains on a Pole 

guy h, and make the plank and Iq^ ■^etve, %.■= «». 
anchor. The butt oE the po\c to Vi*i •goj^'eii -^c.-.SssS. 



be reinforced with 2 logs n and v similar to the one 
just mentioned, bolted to the butt of the pole as 
shown. The greater the distance between the 
butt of the pole and the anchor log c, the more 




Fig. 69. — Details of Guying at Corners and Curves 

serviceable the guy. In all cases the guy should 

/rs/vc the obtuse or outside angle formed by the 

/*oJes. Thus in Fig. 68, the position, ol xUe v^\« iv 



<^uses the line to curve at this point. The strain 
of the wires from the poles c and e tends to pull the 
pole k toward the observer, and to counterbalance 
this the guy v shoulji exert a tension in the opposite 
direction, along the bisector of the obtuse angle 
che. Some practical applications of guys at cor- 
ners and curves are shown in Fig, 69 at ^ , B, and C. 
Head guys e, etc., are needed in case B from top 




Pro. 70. — Use <rf a Guy Stub for Clearing Obataclea 

of pole I to bottom of pole 2 and from top of pole 
4 to bottom of pole 3. In case C, head guys e are 
used toward the middle of the curves as shown. 
The guy cable should be fastened to the pole by 
wrapping it twice around and then clamping it. 
Staples are used to prevent the guy from slipping 
on the pole. 

Guy stubs serve to raise the cable when it i?. 
desired to clear obstacles. TW?,, V-n. Yi*^. 1^ '^'^ 
guy stub a permits the po\e ^vt^ «»> X"* "^^ •ca.t*>»^ 



surTicicntly hii:h to i>crmit the use of the path 11. 
The anchor guy 5 is fastened to a about 3 inches 
below w, and both s and m are held in place by 
staples. The guy stub should be strengthened by 
2 logs c and e as shown. 
Trees are sometimes con\"enient for anchorSi 

lag- 



but when thus used should be protected 

ging of boards or 

staves placed around 

the tree where the 

guy cable is wra]>ped. 

No limbs untlcr 5 

inches in diameter 

sliould ever be used 

for anchors; in any 

case the trunk of the 

tRH? is preferable. 

Pole braces are 
uscxl where it is im- 
practicable to use a 
guy. These are 
placed so as to halve 
the acute or inside angle formed by the poles. 
For example, in Fig. 68 the brace r, consisting of 
a pole similar to the telephone pole, is placed as 
shown and serves the same purpose as the guy 
cable V in counterbalancing the side strain upon 
h. Fig. 71 shows the method of installing a brace. 
It is bolted at the lower end to an anchor log c 
buried 6 feet below the surface, and the other end 

is secured to the telephone pole Ai^ mean^ oi -i i^ac^ 

T08 




JVy^', 



Fig. 7 1 . — Method of Bracing a 
Telephone Pole 






driven through the 2 poles and by No. 6 iron wire 
a wrapped 3 times around the poles and held in 
place on the brace by a 5-inch fetter drive screw. 

Pole Brackets. — These may be used in place of 
cross-arms for supporting telephone wires when the 
pole is not to contain over 6 wires. In this case no 
gains need be cut on the pole, as the brackets are 

screwed directly to the 
sides of the poles. 
Wooden brackets, A, 
Fig. 72, arc generally 
used where the pole is 
to carry i or 2 wires, 
and iron brackets, JS, 
Fig. 72, for more than 
2 wires. Where more 
than I bracket is need- 
ed, they are placed on 
opposite sides of the 
pole so that there is 
the same number of 
wires on both sides. 
The lineman climbs the pole after it is set, by 
means of spurs strapped to his legs, and fastens 
the brackets in place with drive screws. 

Cross-Arms. — If cross-arms are to be used thcv 
should be bolted in the gains cut for them on the 
poles, after the poles are in position. The line- 
man carries with him up the pole a pulley and a 
coil of rope. The pulley he ia^Xerv's* Vo \^^ \«s$ ^'^ 
the pole and then passes the rope V\vxaw^ W^ 1^0^- 




4^> B 

Fig. 72. — ^Pole Brackets 
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ing both ends to reach the ground. His assistant 
ties the cross-arm to one end of the rope and by 
pulling the other end raises the cross-arm to the 
lineman, who fastens it in place as shown in Fig. 
65 at a, using a f-inch machine bolt, nut, and 
square washers. Two cross-arm braces c and ^, 
Fig. 65, of i-inch galvanized steel, each 28 inches 
in length and i inch in width, are also attached 
to each cross-arm by a 4-inch carriage bolt r, and 
together are secured to the pole by one f-inch fetter 
drive screw s. 

All cross-arms should be made of thoroughly 
seasoned straight-grained yellow pine. The wood 
should be solid, free from cracks, knots, sap wood, 
and dry rot. The principal dimensions are given 
in the following table. The finished measure- 
ments are 3^ by ^\ inches. The pin holes should 
be such as to afford a driving fit for the pins, and 
the central hole for the -f-inch machine bolt should 
be T^-inch in diameter. Cross-arms should be 
rounded at the top to shed water, and well painted 
with lead and oil before being placed in position. 



Number of 

Pins per 

Cross- Arm 


Length of 

Cross-Arm 

in Feet 


Pin Spacing in Inches 


Ends 


Sides 


Centers 


6 

8 

10 


6 
10 
10 


4 
4 
4 


12 
12 


16 
22 
16 



Cross-Arm Pins. — ^These are made of locust, 
and in straight-line construction have \\ve ioircv ^xvd 



no 



dimensions shown in Fig. 73. The shank b fita 
into the hole in the cross-arm, and is held by a 
6-penny wire nail driven through the side of the 
arm; the flange d prevents water from entering 
. I the hole. The screw threads at 

a are cut to fit the threads of a 
glass insulator which screws on 
the pin. The pin, Fig. 73, is 
used in supporting but one line 
and is called a line pin. There 
is another kind called a trans- 
position pin which is used for 
supporting 2 lines; this pin dif- 
fers from that shown only in hav- 
ing the thread cut -^-inch longer. 
Insulators. — Insulators for the 
cross-arm pins are made of glass 
in two forms: line insulators to 
fit line pins, and transposition 
insulators to fit transposition pins. 
One of the former kind is shown 
at A, Fig. 74, and one of the latter 
at B, Fig. 74. It will be noted 
the simple insulator has but one 
groove for wire and is made in one 
piece, whereas the transposition 
insulator is made in two pieces in each of which 
there is a groove for a wire. In placing a trans- 
position insulator on a pin the lower glass is first 
screwed on so that about i inch, ct \3afe ■CKtti,'j&- 
oi-the pin projects throu?^ V\ieVo\&. 'Vas- ^>.V?=^ 



Pig. 73. — A Cross- 



glass is then screwed down tightly on the lower 
half. 

Telephone Line Wire. — Galvanized iron wire 
and copper wire are both used for telephone-line 
conductors. Iron is stronger and cheaper than cop- 
per, but offers nearly six times as much resistance 
to a current of electricity. Iron line wire is always 
galvanized to prevent it from rusting, but even the 
best galvanizing fails to prevent corrosion entirely, 





Fig. 74. — Line and Transposition Insulators 

in consequence of which iron wire will usually 
serve less than half the time of copper wire. On 
. the other hand, iron wire costs but 3 cents per 
pound, whereas copper wire costs about 15 cents per 
pound. For a private line it is usual practice to 
use No, 12 galvanized iron wire; for bridging lines 
not over 25 miles in length, No, 12 galvanized iron 
wire; and for longer lines No. 10 or No, 8 galvan- 
ized iron wire. When copper wire is employed, 
sizes from No. 8 to No. 14 arc used", VVe "^o- I'll 



having a diameter of 0.08 inch and a breaking 
strength of about 325 pounds, being the most usual. 

For a common return wire used in place of the 
ground when there are a number of instruments 
connected together, a No. 8 copper wire is desira- 
ble. This usually affords best protection from 
foreign noises when not grounded. Telephone con- 
nection by means of a common return conduc- 
tor is cheaper than the use of complete metallic 
lines, but does not afford such freedom fiom in- 
ductive disturbances. 

Copper line wire should be hard drawn, un- 
insulated, and have a conductivity of at least 97 
per cent, that of pure copper. Iron line wire 
should be thoroughly annealed and double gal- 
vanized. Iron wire is made in several varieties 
commonly known as "Extra Best Best," **Best 
Best,'' and **Steel." "Extra Best Best" or "E. 
B. B." wire is made of the very best material and 
has the highest conductivity of any iron; its break- 
ing strength is about 2.7 times its weight per mile. 
"Best Best" or "B. B." wire is harder than the 
"E. B. B." and of less conductivity, but is stronger; 
its breaking strength is 3.3 times its weight per 
mile. "Steel" wire is stronger than those pre- 
viously mentioned, but has poor conductivity; it 
has a breaking strength of about 4.5 times its 
weight per mile. The properties of both copper 
and iron wires are recorded in tables in the Ai$- 
pendix. 

Stringing the Line Wires \s u^uaSl^ ^ow^ Vs ^^ 
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of a running board and rope and a team of horses. 
The rope is carried over the cross-arms of the 
poles for a distance of about 1,500 feet and its end 
fastenea tnrough the center hole c of the runmng 
board, Fig. 75. At this end of the line are mounted 
the reels containing the wires, and one end of each 
wire is fastened to the board through the holes a, e, 
s, fly etc. The horses are then hitched to the 
other end of the rope and started, and as they walk 
away they pull the board and wires over the cross- 
arms. On each pole a lineman guides the board 
and wires over the cross-arm, and when the reels 




Pig. 75. — ^Rtinning Board Used in Stringing Telephone 

Line Wires 

are empty the wires are temporarily fastened and 
the process repeated with full reels until the entire 
course is covered. In stringing wires over cross- 
arms below the top one, a divided running board 
is used, one half of it passing each side of the pole. 

In case but one or two line wires are to be strung, 
the running board and team may be dispensed with, 
the running rope being then tied directly to a wire 
and pulled over as many cross-arms as possible 
by hand. 

The line wires are finally drawn tight by means 
of clamps and tackle, Fig. 76, until the sag in 
inches between the adjacent poles corresponds to the 

figures given in the following taUe iot V\ve Vvimv^xci- 
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ture and length of span in feet dealt with. If the 
wires are drawn tighter than there indicated, they 
are liable to contract and break in cold weather, 




Fig. 76. — Elevation and Plan of Clamps and Tackle 
Used in Pulling up the Line Wires 

and if allowed a greater deflection they will swing 
in the wind and eventually break at the insulators. 





Span in Feet 


Temperature in De- 
grees Fahrenheit 


75 


100 


115 


130 


150 


200 




Deflection in Inches 


-3c 


I 


2 


24 


si 


4j 


8 


— 10 
10 

30 
60 

80 


34 


24 
28 

5i 


3 

3i 

4 

5i 

7 


si 

k 


5 

9 
III 


9 
lo} 

12 
i8i 


100 


4i 


7 


9 


II 


14 


22J 



Each line wire is tied to its iivsuVaXox ^^ ^<3vnxv\:<?s. 
Fig. yy, the tie wire m being; iiom \Ci \.o 11 \xv.O^^^ 
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in length and of the same size and material as the 
line wire n n. On straight lines the line wires are 
placed on the inner sides of the insulators, except- 
ing the two wires next to the pole, which are placed 

c 




Fig. 77. — Method of Tjring the Line Wire to its Insulator 



i I 



Fig. 78. — Position of the Line Wires on the Insulators in 

Straight Lines 



3 



Fig. 79. — Position of the Line Wires on the Insula- 
tors at Curves 



Fig. 80. — ^The Standard Western Union Joint for Con- 
necting Iron Wires 

outside to afford greater clearance of the pole. 
On curves, the line wires are placed so that the 
strain draws them against the insulators. These 
two cases are shown respectively in Figs. 78 and 79. 

Joints in iron wires are made as in Fig. 80, which 
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shows what is known as the "Standard Western 
Union" joint. Joints in copper wires are made 
with Mclntire copper sleeves, Fig. 8i, each hole in 




Fig. 8i. — Mclntire Sleeve for Connecting Copper Wires 

the sleeve being no more than o.oi inch larger 
than the wire with which it is used. The ends of 
the copper wires to be joined are inserted in the 
respective halves of the sleeve from opposite ends, 
so that each wire projects one-quarter inch beyond 




Fig. 82. — Pliers for Use in Connection with Mclntire 

Sleeves 



the sleeve. The ends are then turned over, and by 
means of Mclntire pliers. Fig. 82, the sleeve and 
wire are twisted as in Fig. 83. 
Dead-Ending a copper line wire on its last insu- 




FiG. 83. — Copper Wire Joint as Made by a Mclntire 

Sleeve 



lator for the purpose of connecting it to a cable 
or to a station instrument is done as in Fig. 84, 
the line wire being first slipped through a McioL- 
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tire half-length sleeve », then wrapped once around 
the insulator, and finally run back through the 
sleeve, which is then given one and one-half turns. 

Transposing Line Wires. — Telephone instru- 
ments are so sensitive that cur- 
rents induced in the line wires from 
neighboring circuits produce in 
the telephones disturbing noises 
commonly termed "cross talk," un- 
less care is taken to prevent them. 
To overcome disturbances of this 
nature, which are especially trouble- 
some in the vicinity of electric-light 
and power wires, both lines of a 
telephone circuit must be metallic 
and balanced with respect to adja- 
cent lines so that the induction from 
them is neu tralized ; this balancing 
is done by transposing the line wires of each 
telephone circuit on a pole at regular intervals 
along the line. 

The method of making the transpositions is 
shown in Fig, 85. Transposition pins and insu- 
lators and Mclntire sleeves are employed. Sup- 
posing the line wires m m and nn oi a, complete 
metallic circuit are to be transposed, these wires 
arc cut and the two ends of each are dead-ended on 
the transposition insulator corresponding to that 
line, the upper groove of the insulator being used 
for one end and the lower groove for the other end. 
TJie four terminals of the two line ^Vie^ ai^ vVvexv 



Fig. 84. — 
Method of 
Dead-ending a 
Wire 
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cross-connected by the sleeves r and s so that in- 
stead oi mm and » « being continuous, m n and 
» m are continuous. 

Four complete metallic circuits A, B, C, and 
D, Fig. 86, have thus been transposed at a, b, c, d, 
etc. Considering, for example, the circuits A and 
B, of which m and « are the conductors of the for- 
mer and s and r those of the latter, it is obvious 




Fig. Sj. — Method of Transposing Line Wires 

that if a current in « induces a current in s, the 
current in the other wire m of circuit A will induce 
in J a current equal in value and opposite in di- 
rection to the first induced current if the trans- 
position a be made. The two induced currents 
will, therefore, neutralize each other, removing 
the cause of the disturbances, and in the same 
manner the other transpositions shQ"«t\. -«^ '^■^^- 
vent inductive disturbances in. \.\>.e o'Ot*.'^ -^%.i\s. "^ 



the circuit. In circuit C the \\\iqs should be 
transposed at about every tenth pole, and in the 
other circuits transpositions should be made rela- 
tively as shown. 

In addition to the desirability of thus having 
both wires of a complete metallic telephone cir- 
cuit subject to the same amount of inductance, 
they should also have substantially the same ohmic 



m a 

X y: 



8 b 

• X . X )C 
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Fig. 86. — Relative Locations of Transpositions in Four 

Adjacent Circuits 

resistance, the same insulation resistance, and the 
same electrostatic capacity. Aside from the trans- 
positions, both wires should, therefore, be of the 
same material and of equal lengths, and should 
be insulated in the same manner on the same 
cross-arms or in the same cable, and should always 
be adjacent to each other. 

Drop Wires.— The drop wires running from the 
line to the premises of the tclepVioive u^^t m^N 
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consist of a pair of No. 14 B. & S. gage hard-drawn 
copper wires, tinned, twisted, and insulated either 
with okonitc or with three separate, closely woven 
braids of cotton impregnated with a moisture- 
repellent compound. The thickness of the rubber 
compound in the former case should be ^Viiich, 
and of the furnished cotton insulation in the latter 
case not less than yV-inch. In place of a twisted 
pair, however, bare open wires may be used. The 
drop wires arc joined to the line wires as shown 
in Fig. 87, A being the method employed for a 
series connection, and B that for a bridging connec- 
tion. Mclntire sleeves, c, are used in the former 
case, and clamps s in the latter case. 

Protection. — Pole lines should be protected from 
lightlying by placing on every tenth pole a light- 
ning rod composed of No. 6 galvanized iron wire. 
This should extend at least 12 inches above the 





Fig. 87. — Method of Joining Drop Wires to Line Wires in 
Series and Bridging Connections 

pole and be soldered to a ground rod or plate at 
the base. The wire should nm perfectly straight 
and be fastened to the pole by galvanized- steel 
staples spaced i foot apart. 
Poles may be protected itom \\v^ ^N^^^^^^ -^^^ 
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at the same time improved in appearance by 
painting them after the line is finished, with two 
coats of lead and linseed oil having a dark olive- 
green color. 

Humming of the wires may be prevented by 
wrapping that portion of them at the insulators with 




■Device to Prevent Humming of the Line Win 

soft rubber r r, Fig. 88, and over this placing a 
covering of sheet lead m. The tie wire s is simi- 
larly treated, and the cushion thus formed for the 
line wire absorbs its vibrations and so does away 
with the humming. 

At curves and comers the line wire at the inner 
end of a cross-arm may, In case It becomes loos- 
ened from its insulator, fall off and, 
by coming in contact with other wires, 
do considerable damage. To prevent 
the wire from falling, an iron guard- 
arm should be screwed to the cross- 
arm so as to catch the wire in case 
of its insulator breaking or its tie wire Fig. 89.— A 
becoming loosened. k"pho™T£ 

Telephone Cables. — These are gen- ble 
erally composed of No. 19 B. & S. gage soft-drawn 
copper wires covered with dry pa^^ie'c and twisted in. 




pairs, the bunch being encased in a lead sheath 
about 4 inch thick, as shown in Fig. 89. The pairs 
are twisted to overcome inductance; and to distin- 
guish between the conductors of a pair the insula- 
tion on one of them is usually marked in some pecu- 
liar way. Specifications for dry-paper cables call 




for a capacity between conductors of not over 0.08 
microfarad (see Appendix) per mile; a conductivity 
of not less than 98 per cent, that of pure copper; 
an ohmic resistance of not more than 47 ohms 
per mile at a temperature of 60° F. ; and an in- 
sulation resistance of each conductor q.1 ^Vt-issX 
Soo megohms (see Appendix.') ■p« niis.. C-i'^ws. 



are thus made containing from 5 to 300 pairs of 
conductors in lengths of 800 and 1,000 feet. A 
200-pair cable of No. 19 wires has an outside 
diameter of only about 2f inches. Iron wires are 
never formed into telephone cables. 

Stringing the Cable is done by first fixing clamps 
fly Fig. 90, to the sides of the poles a short distance 
below the cross-arms. A suspension cable c, usu- 
ally composed of 7 strands of galvanized steel 
wii:es, is then run from clamp to clamp and bolted 
in place as indicated. The cable and reel as 
received from the manufacturer are next mounted 
at one end of the line, as shown at m. Fig. 91, and 
by means of a manila-hemp rope r. Fig. 92, se- 
cured to the free end of the cable and led through 
pulleys a temporarily fastened to the poles just 
below the suspension clamps, and terminating in 
a windlass h mounted at a distance along the line 
from the reel equal to the length of the cable on 
the reel, the cable is pulled in position. An iron 
cap c, Fig. 93, screwed to the end of the cable 
sheath, facilitates the fastening of the pulley rope. 
The windlass is operated by horse-power as shown. 
When all the cable on one reel has been strung, 
the process is repeated, the next reel being set up 
at the terminus of the first length. Such a case is 
illustrated in Fig. 91. 

Cable Hangers are attached to the cable as the 

latter is drawn off the reel, and, as the cable is 

pulled along, the hangers slide over the suspension 

cabJe the end of which is temporally YoN^ei^di oxv 
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a level with the reel as in Fig. 91. One form of 
cable hanger is shown in Fig. 94 at a c e. It con- 
sbts of a hook and one hemisphere a, a vertical 



Fio. 93.- 



extension and hemisphere c, and a steel ring e. 
The two hemispheres are of galvanized iron; they 
1 each side of the cable n, the ring is 




slipped down over the hook, and Vi'j wv^'mns, "sfi. ■<s«, 
tongs m the ring is forced into ^\a«.ft. 



Distribution of the wires in a telephone cable is 
most conveniently accomplished, without moisture 
entering the cable core, by means of a terminal 
head, Fig. 95, mounted on a pole as shown at j in 




—Terminal Head and Cover Used in Distributing 
the Wires of a Tdephone Ca.t.\e 



Fig. '96. The pole thus equipped is called a 
** distributing '' or ** terminal " pole. An unusually 
strong pole is selected for this purpose and is placed 
as nearly as possible in the center of a group of 
telephone users. A platfoi;in p is usually provided 
on the pole to enable the lineman to work easier 
and quicker. The method of connecting up the 
terminal head is as follows: The lead seal at the 

end of the cable, used to pre- 
vent the entrance of air and 
moisture, is stripped off, 
and the wires are inserted 
through the nozzle w. Fig. 
95, allowing the lead sheath 
of the cable to project with- 
in the box b. The lead 
sheath is then connected to 
the nozzle with a wiped joint 
. ., . of solder, and the ends of 

Fig. 06. — ^Distributing . , , . 111 

Pole Equiprtient with a the cable Wires are soldered 
Terminal Head ^^ ^^e inside terminals c, 

etc. Moisture is driven out of the box by pouring 
in, and then pouring out, paraffin heated to about 
300°. While the box and wires are still hot, the 
rubber gasket k and cover are placed on the box 
and screwed tightly in place, leaving the end of 
the cable hermetically sealed. The outside ter- 
minals /, /, etc., of the box are then connected 
through short cables u and v, Fig. 96, with the 
drop wires" A, rf, etc., leadiivg^ lo VVkfe \A^^^^^ 
users' premises. The dolled Wives m "^\%. ^^ vw^- 
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cate the position of the outer iron cover of the ter- 
minal head when pulled down, a runway being 
provided in the platform p to allow the descent 
of the cover. The terminal head affords, inciden- 
tally, a convenient means of altering the arrange- 
ment of the circuits when desired, for all that is 
necessary is to change the cross-connections in the 
box. Protection from lightning and other strong 
currents can also be had by using a terminal head 
fitted with lightning arrester and fuses. 

Pole Steps are usually placed on each cable pole; 
also on all poles more than 50 feet in height, and 
on all pointed poles. They are made of steel f inch 
in diameter and 10 inches long, turned up at one 
end and provided with a thread at the other end. 
These steps are driven on alternate sides of the 
pole, in line with the cross-arms, and are spaced 
18 inches apart on each side. 

Splicing cables becomes necessary when the line 
is greater in length than that of the cable on one 
reel. Before beginning the process there should 
be provided a pan containing paraffin, a portable 
furnace for heating the paraflin to the boiling-point, 
a ladle, a lead pipe somewhat larger than the out- 
side diameter of the cable and about 2 feet long, 
called the **lead sleeve," and a paper sleeve about 
3 inches long for each joint. First, the paraffin 
should be heated; then the lead sheaths cut back 
12 inches from the ends of the cables to be spliced 
and the exposed conductors dipped in the boiling 
paraffin to prevent the paper ms»\3\^\\oi\ iiom 
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untwisting and exposing the wires to moisture. 
The lead sleeve should then be slipped over one 
of the cable ends, and about i J inches of the insu- 
lation on each conductor removed, the wires to 
be joined together being given the proper lengths 
so that the different splices will not be bunched 
together at one place, but evenly distributed over 
the 24 inches between sheaths. A paper sleeve 
is then slipped over one of every two conductors 
to be joined, as shown SitA, Fig. 97, and after the 
wires of each pair in one cable are joined to those 
of each pair in the other cable, the twisted con- 
ductors are turned down as at B, the paper sleeves 
slipped over the joints as at C, and by means of 
the ladle hot paraffin is poured over the joints 
as at D until no bubbles appear in the hot liquid. 
The bunch of conductors is then wrapped with 
cotton serving, the lead pipe is placed with its 
center over that of the splice, and its ends which 
project over the two cable sheaths are hammered 
down and soldered to them, as at £, while the 
splice is still hot. The best flux for this soldering 

is the grease from a tallow candle. 
Methods of Cross Arm Bracing. — The three 

commonly accepted methods of cross arm bracing 

are shown at Fig. 97a. That at A is the system 

tisually followed in which two brace bars are used 

for each cross arm. The system outlined at B 

is somewhat cheaper and is suitable for lighter 

line wires as only one brace is used for each cross 

3rin, Sometimes it is desirable to siWow tVv^ ^^ms. 
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carrying the wires to project from one side of 
the pole on account of interference with some 
building, bridge pier or other large object against 
which the pole is placed. In this case, the arms 
are braced as at C, the brace member being bent 
up of standard angle iron, firmly secured to the 
arms by a bolt at each arm and being attached to 
the pole with substantial lag screws or bolts, as 
the requirements of the individual case dictate. 
It is very important when the pole is to be 
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Fig. 97b. — Carrying Brace Wire Over Roacl. 

placed on one side of a small stream, railroad 
right of way or highway, and braced from the 
other, to carry the guy wire sufficiently high to 
clear anything that may pass over the water or 
railway. The method of carrying the brace wire 
high enough to do this and the system of bracing 
necessary for the guy stub is clearly shown at Fig. 
/^//a 7/ is reromnicnded that the guy stub be high 
enough so the brace wire will be catnt^L ^VX^^-^X. 
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25 feet above steam or electric railways or over 
canals and small streams that are navigable by 
craft of any size, while the distance over ordinary 
roadways should not be less than 18 feet. 




Fig. 97c. — Patent Anchors for Guy Wires. 

Patent Anchors for Guy Wires. — Several 
forms of patent anchors for pole guy wires have 
been developed receully X\VcV\. ivvdWVcvV^ cvA\i\^^^'^'J^.- 
bly the operation of securmg \\\^s^ '^:^^'^ '^^'^'^ '^"^"^ 
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really less expensive than the labor cost of dig- 
ging a large enough hole to place the usual form 
of log or plank anchor and the loose stones often 
used in connection with this form of anchorage. 
The anchor shown at Fig. 97c, A, is a two-way 
Everstick form folded so it can be inserted in a 
hole made by a boring auger, and when in 
place the end of the toggle may be driven down 
on the anchor bolt shank until two steel plates, 
to which the toggle links are secured, are ex- 
panded or forced out sideways, as at B, into the 
solid earth at the side of the hole. A few loose 
stones may then be placed on the anchor and the 
hole may be filled up. A much simpler form of 
anchor is known as the Harpoon, and is shown 
at Fig. 97c, C, ready to be driven in the ground* 
No hole need be prepared for its reception, as it is 
driven in place with a sledge and set by a pull. 
The sharp point chips or turns aside stones and 
pierces other obstructions. The wings open out 
in undisturbed ground, as at D, and a grip is 
obtained that is more than equal to the tensile 
strength of standard guy wire. Where excep- 
tional stress is, to be resisted, as with heavily 
loaded poles at corners, the four-way Everstick 
anchor may be used. This is shown at Fig. 97c, E 
and F, and is similar in construction to that pre- 
viously described, except that four sliding plates 
and toggle links are used to secure a better grip 
Jn the ground. The anchor is set by driving 
down the toggle link carrier as i^^TeViovi'^Vj ^^- 
scribed. 136 



Simple Cable Hangers. — Many linemen favor 
the simpler forms of cable supports shown at 
Fig. 97d, as these are easily installed or removed 
and are suitable for any size of cable or support- 
ing wire rope. That shown at A is tbe Pierce 
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Fic. 97d. — Simple Cable Hangers. 

hanger, and consists of a galvanized wire loop, 
having a hook at each end. A sling of tarred 
rope is passed around the cable and the loose 
ends are hooked over the corresponding members 
of the supporting wire. The form shown at B 
is the Eureka, and provides insulating members 
of fiber to form a cradle in which the cable rests. 
The hook member or support is bent to shape 
after the fiber bushings have been put in place. 

Typical Wire Clamps. — The clamps used in 
pulling up the line wires are shown at Fig. 97e. 
That at A is the form used m. tontve.ii'iX'^Tv ^n'^S^^. 
copper tine wire and has a \ong coiAa^W. \-a.t«. '^v^ 



the movable member to clutch the copper and 
prevent breaking as might be the case if the soft 
wire was gripped too tightly at one point. The 
device consists of a main body carrying a movable 
clamping member that is actuated by a lever, 
joined to the portion or hook to which the pulling 
1 up rope is attached with a link. As the strain on 
the rope becomes greater, the clamping piece grips 
the copper wire more Srmly between the clamp 
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Fig. 97e.— Typical Wire Gamps. 
body and the contact piece it carries. The clamp 
shown at B is used for iron and is practically the 
same in general construction as the device pre- 
viously described except that a cam member is 
used to clamp the iron wire against the hig on the 
/oner portion of the clamp body on which it rests. 
The leverage is arranged so the mote tVe. ^\A\w\% 



up rope is tightened the greater the grip of the 
cam on the wire. 

Subscriber's Pole Connections. — The con- 
mon method of taking a subscriber's connection 
from a pole line is shown at Fig. 97f. A double- 
grooved insulator receives the ends of the line 
wire which is cut at that point, one end going into 
the upper, the other end in the lower groove. 
From these ends a branch circuit ts taken, as 
shown in illustration, two single-grooved insula- 
tors being provided, these taking the strain off of 
the main insulator and forming a secure anchor- 
age for the wires comprising the subscriber's loop. 




Fig. 97f. — Subscriber's Pole Connection. 

Modem Line Wire Practice. 

In the early days iron wire was used exclusively 
for telegraph and telephone purposes. Steel was 
found to be far superior to iron in tensile 
strength, but with the increase in hardness there 
was also an increase in resistance, which was 
a serious disadvantage; \\\e pwx^t -axv^ '$i^\\.^'^ ^^'^ 
iron, the less its strengtVv, Wt \N\^ «t^'^\.^'^ *^^^ 



conductivity. But even the best of iron wire had 
two drawbacks : its resistance, when used between 
distant points, and its tendency to corrode, even 
though galvanized, when subjected to the smoky 
atmosphere of the cities. Copper wire did not 
have either of these objections, but besides being 
very costly, it was altogether too weak for use on 
pole lines. For very long telegraph circuits a so- 
called compound wire consisting of a steel wire, 
which gave the necessary tensile strength, with a 
strip of soft copper folded around it so as to form 
a concentric cylinder, was developed and used to 
some extent. But a little later the growth of the 
telephone industry was responsible for the devel- 
opment of hard-drawn copper Wire, which, 
though inferior to steel and but slightly better 
than soft iron in tensile strength, is yet very 
satisfactory, and soon came into general use for 
both telephone and telegraph lines. 

For service wires, both in rear wall 'and fence 
distribution and in aerial spans, so-called rubber- 
insulated twisted-pair wire has now been devel- 
oped to a state which almost seems to approach 
perfection in its durability and reliability. A 
compound containing about 30 per cent, of pure 
rubber was long ago found to possess the neces- 
sary insulating and weather-resisting qualities, 
and at the same time was within reason in the 
matter of cost, but mechanically it was not suffi- 
ciently serviceable. A cotton braiding woven 
over the insulation gfave it the needed v^olecXKow, 
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but the cotton was subject to rapid deterioration 
when exposed to the weather. The question then 
resolved itself into one of preserving the braiding 
from deterioration, and very satisfactory solu- 
tions of this problem have been reached in the 
present methods of filling or impregnating these 
braids. 

The latest innovation in the way of telephone 
line wire is the new copper-steel wire which is 
coming into extensive use, both bare and in 
rubber-insulated twisted pairs. It is made by a 
patented process, by which a thin sheath of copper 
envelops and is thoroughly united to a steel core. 
It has some transmission advantage over steel or 
iron wire of the same gauge, and it combines the 
tensile strength of steel with the corrosion-resist- 
ing qualities of copper. Although the cost of 
copper and of copper-steel wire is about the same 
for equal lengths of a given gauge, the superior 
tensile strength of the latter makes it possible in 
many cases to use a much smaller gauge than 
with the former, with a consequent saving in cost. 

Properties of Aluminum Wire. — Some of the 
physical constants of aluminum as it is now man- 
ufactured commercially for electrical purposes are 
as follows: Melting point, 1,157 degrees F. ; 
elastic limit, 14,000 pounds per square inch; ulti- 
mate strength, 26,000 pounds per square inch; 
modulus of elasticity, 9,000,000; electrical con- 
ductivity, 62 per cent.; specifvc ^T'aN\V5,1.^:^\^^- 
efficient of hnear expansion, .C^Ci,^VlS>« Nx^$^^^- 
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ent aluminum is used only to a limited extent for 
large conductors. Its use is thus restricted be- 
cause of the practical impossibility of employing 
the ordinary methods of soldering, due probably 
to the fact that its surface seems to have a coat- 
ing of oxide on it at all times. 

At the present relative cost of the two metals, 
aluminum is 10 to 15 per cent, cheaper than cop- 
per of the same resistance. The weight of a unit 
length of aluminum wire is only 47 per cent, of a 
copper wire of the same length and resistance. 
Consequently, aluminum can cost 2.13 times as 
much as copper per pound and still cost the same 
as copper per unit length from the standpoint of 
electrical resistance. As a matter of fact, how- 
ever, the price of aluminum at present is less than 
2.13 times that of copper per pound, so that it 
is actually cheaper to use aluminum as an elec- 
trical conductor than copper, where other consid- 
erations do not enter. At present, however, the 
aluminum market is so centralized under one 
common control that there is no market for alumi- 
num junk, and this feature makes it impossible 
for operating companies to figure that aluminum 
has any junk, value. 

Expansion and contraction with changes in 

temperature is greater than in copper. A solid 

wire of small size gives a great deal of trouble 

through breakage due to crystallization of the 

wire from swsiymg in the winter. The greater 

expansion and contraction make \t Tvec^s»?»?LT^ \.o 
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be especially careful to avoid stringing lines too 
tight in warm weather. The increased sag neces- 
sary for aluminum makes the liability to crosses 
unduly high. Joints between copper and alumi- 
num wire give a great deal of trouble, due to 
electrolytic action. 

Preservation of Poles. — The great waste occa- 
sioned by the rapid decay of woods when in con- 
tact with the soil is very apparent in the case of 
poles. For a number of years past experiments 
have been carried on by private parties and by the 
United States Forest Service with a view to find- 
ing and perfecting methods of preventing such 
decay, and it may be stated that it is possible, 
through the proper application of certain pre- 
servatives, to increase the life of a pole from 50 
to 100 per cent. The practice has proven a suc- 
cess economically. Not only does it lengthen the 
life of the pole, but it makes possible the utiliza- 
tion of many cheap local woods which, without 
preservative treatment, would be valueless for the 
purpose, thus reducing the cost of poles and 
transportation charges. In the principal Euro- 
pean countries the practice of pole preservation 
is much more common than in this country, 
nearly every pole receiving a penetrating treat- 
ment with some preservative before being set. 
The economy of the process has been so well 
established that as it becomes generally under- 
stood the percentage of treated "^Xe^ t^^o\\.^^*vcv 
the United States will no douU T^^^dJcj rncx^'^^'^^ 
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and the methods used become more effective each 
year. The preservatives most commonly used are 
creosote oil, a solution of zinc chloride, and va- 
rious proprietary preparations, usually antiseptic 
oils of low volatility. 

The increase in the practice of really effective 
pole preservation in the United States has been 
retarded by the lack of pole-treating apparatus 
applicable to the needs of the small consumer. 
As a result, poles have been treated mainly by 
methods which do not require the use of a special 
treating plant and which add but few years to 
their service. The usual method is that of paint- 
ing the lower end of the pole with the preser- 
vative. 

A somewhat more effective method is that of 
dipping the pole in an open tank containing the 
preservative. By this operation all seasoning 
checks are thoroughly penetrated. A variation 
of this method is to stand the poles upright in a 
bath of the preservative, making the wood of the 
butt end of the pole decay proof by the absorp- 
tion of large quantities of the oil or solution, 
through the action of a partial vacuum in the 
wood cells created by the alternate raising and 
lowering of the temperature of the bath. Satis- 
factory plants have been devised for this pur- 
pose which are economical for firms using con- 
siderable numbers of poles annually. A plant 
of this type and of large capacity was built during 
the year in California for the trealmeivl oi \n^?X- 
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ern yellow pine, western red cedar, and other 
local woods. 

In parts of the South, conditions are so favor- 
able to decay that it is desirable to treat the entire 
pole, and both commercial and private plants have . 
been established for this purpose. The poles are 
placed in a closed cylinder and absorption of the 
preservative is secured by the use of pressure. 
Large numbers of pine poles have been treated by 
this method, which is found to be the most effec- 
tive now in use. 

Utility of Concrete Poles. — Reinforced con- 
crete telegraph poles are being used by the Postal 
Telegraph Department of New Zealand on the 
line between Auckland and Hamilton. Over 
1,200 of the poles have been set up. They meas- 
ure 26 feet high and taper from 6 by 8 inches at 
the base to 6 by 6 inches at the top. The poles 
are claimed to be only slightly heavier than the 
wooden poles they have replaced. In making 
the concrete poles in large quantities, sectional 
wooden or metal molds are employed in connec- 
tion with a portable concrete mixing plant and 
the endeavor is to produce them as near the point 
where they are to be used as possible to minimize 
danger of breaking in transportation. Obviously, 
the poles are reinforced with regular steel or 
iron reinforcing rods and are exceptionally strong 
and practically weather-proof, inasmuch as they 
are not affected by rotting at the ^xoww^Wvcsfc -s^*^ 
are even the treated wooden \)OS\.s, \x\ vcvc^^v^J^ 
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the concrete posts, wooden core pieces may be 
inserted in the mixture at various points where 
bolts for crossarms and braces are to be placed, 
and in this manner considerable drilling is ob- 
viated, because the wooden pieces may be easily 
removed when the concrete becomes hard. It is 
also considered good practice to place the cross- 
arm bolts in position while the mixture is soft 
and after it sets they are retained firmly in place 
in the post. The molds may be made with holes 
suitably spaced to regulate the placing of bolts 
or other hardware, and thus insure that all poles 
of the same size will be duplicates of each other. 
Wherever wood is scarce, concrete construction 
offers advantages of moment and, of course, is 
more permanent in nature than any organic ma- 
terial that is subject to deterioration from oxida- 
tion would be. Materials for making concrete 
can be easily obtained in most all localities and 
as the art of mixing and pouring this material is 
generally understood by practically all laborers, 
concrete or artificial stone posts may be built 
cheaply enough, when their superior endurance is 
considered, to be used in all permanent installa- 
tions in place of wood poles. "^ 

Utility of Concrete in Saving Decayed Posts. 
— Electric light, power and telephone companies, 
in fact all electrical companies having occasion 
to use poles for overhead wires are, continu- 
ally confronted with the problem of fighting de- 

cay of the poles at the ground \me. :\s t\\e \)r\ce 
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Fic. 97g. — Saving Decayed Posts with Concrete. 
of lumber ts steadily increasing, a means of in- 
creasing the life of the poles in service is highly 
desirable. 

A method of doing this has been developed in 
the shape of the National Pole Socket, outlined at 
Fig. 97g. This is a seamless steel tube about a 
quarter of an inch thick and of a total length of 
about seven feet. It is made in various diameters 
to fit different sizes of poles. BeioTe ^^\^Ti^ex*- -a. 
heavy costing of aspbaUum is a.'^\»V\«,<\, v^ \*^o- 
tect the steel tube. ,,, 



The old pole, which has been badly decayed at 
the ground line, is sawed off at this point, and 
then moved to one side without any interference 
with the overhead wires. By means of an axe 
and a draw-knife the butt is slightly tapered to fit 
inside of the upper end of the socket. Only three 
men are needed to do the entire work. While one 
man is shaping the pole, two other men at first 
remove the stump or decayed portion of the old 
pole, and then make an excavation of sufficient 
size to allow the pole socket to be easily inserted 
up to the point where it has a constriction. The 
bottom of the socket is then filled with either dry 
earth, shale or concrete to within one foot of the 
ground surface. This inner filling is firmly 
tamped. A thicK grout is then prepared and 
poured into the socket to a point above the con- 
stricted ring. Everything is now ready to receive 
the pole, which is raised with a jack, moved into 
position over the socket and then allowed to enter 
the same. As it does so, it squeezes the grout up 
and around the pole, filling all of the space be- 
tween the pole and the socket up to its upper 
edge. The pole is made fast and held plumb while 
the grout hardens. In some instances a shell of 
concrete three or four inches thick is rammed 
about the socket to about a depth of two feet 
below ground surface. 

The entire cost of repairing an old pole with a 

socket of this character does not exceed $10 per 

po/e of large size, and $6.50 iot ^ ^.m^W v^V^> 
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which is very low, compared with the total cost 
of placing a new pole. The pole is entirely pro- 
tected at its weak point and is made fully as 
strong, even stronger than when it was originally 
set. There is no disturbance of the overhead 
wiring or crossarms at all and the work of restor- 
ation can be rapidly done. 

Conduit Construction. — It has become the 
practice in recent years to run telephone wires in 
underground conduits through the business dis- 
tricts of cities of any importance. The initial 
planning includes the location of the various ducts 
and manholes, determining the best methods of 
laying and making all provision possible to take 
care of any possible expansion of the business by 
laying ducts enough in the first place to avoid 
tearing up the streets again at some future time 
to lay more conduits. The essential requirernents 
to be considered in selecting conduit are : first, to 
select durable material that will be proof against 
decay, corrosion from dry rot, dampness, gases 
or other agencies of deterioration. Second, the 
material should have high tensile strength, high 
resistance against shearing and to crushing. The 
greatest degree of resistance should be in the ver- 
tical plane, because ground settling produces ver- 
tical strains, and any fractures due to these will 
not only impair the alignment of the ducts and 
interfere with the drawing in or out of the cables, 
but will also interfere with pTo\^eT O^^'aAWTv'^^, ^"^ 
is preferable to lay the ducts ^s 'sUax^x'c \b.^ X^'^^ 
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Fic. 97h.— Forms of Conduit Generally Used. 

sible between nianlinles. but sometimes curves ai 

unavoidable, and it is necessary t<) make these i 

siifficienliv lar^e radius si> as not to cause :ibi: 

s/o/i of the cable sheath when dravjm^ "m. 



Conduits should contain no chemical substances 
that are apt to act on the cable sheath, and the 
structure should be of insulating material and 
moisture proof. The cables must in all cases be 
adequately protected from dampness and water 
and should be insulated from the ground. It is 
important to form all bends of curved sections if 
the nature of the conduit permits rather than 
joining short, straight pieces, as is frequently 
done in describing curves of large radius. 

Conduits are of many types arid materials, the 
cheapest form consisting of creosoted wooden 
tubes generally known as pump logs. These are 
made in eight-foot lengths and have a bore of 
three inches. They are 4^ inches square and are 
provided with tenon joints 1^ inches long to 
secure alignment. Conduit of this nature is 
shown at Fig. 97h, A. Conduits of clay or terra- 
cotta, as shown at Fig. 97h, B, are also widely 
used. These have hard, vitrified surfaces, which 
are impervious to moisture. These are made in 
single or multiple duct forms, and for telephone 
conduits some ducts have a round opening, while 
others have a square bore about 4 . inches in 
diameter. Wood conduits are generally laid in a 
trench, the bottom of which is graded to a 
gradual slope toward both manholes from some 
intermediate point or with a continuous slope 
from one manhole to the others. A creosoted 
plank 2 inches in diameter serves ^s» "a^ iowxv^'^^N^^ 
on which the wooden duels at^ \a^^ ^v^^ Vj ^"^^^ 
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in different layers to the number required. En- 
deavor is made to have the joints of separate con- 
duits at different points in order to strengthen the 
structure. When the ducts are laid, the top is 
covered with another creosotetl plank, and the 
trench is filled in. 

In laying vitrified clay conduit, a concrete foun- 
dation is laid in the bottom of the trench, and the 
ducts are then laid in with cement and the sides 
of the trench filled up to each duct level as each 
layer is laid. When the conduit is all laid and 
all layers are completed the top is covered with 
4 inches of concrete. A good mixture for this 
purpose is comixised of 1 part Portland cement, 
2 parts clean, sharp sand and 5 parts broken 
-itone or screened gravel. 

The standard underground cable used in cities 
is shown in Fig. 97i, and contains about 100 wires 
of approximately No. 19 B, & S. gauge. These 
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Fig. g^i. — Slandard Underground CaViVe. 



are twisted in pairs with a lay of about three 
inches and the pairs are cabled in reverse layers, 
forming a cable about l^ inches in diameter. 
This cable is enclosed in a lead pipe having an 
internal diameter of 1 % inches and % inch walls. 
The pipe is not pure lead, but is alloyed with 
about 3 per cent, of tin, to minimize chemical 
action tending to eat away the lead. The resist- 
ance of the average telephone cable conductor is 
about 45 or 50 ohms per mile. 

When the laying of the conduits is finished the 
cables are drawn in place. This is done by 
stretching a rope from manhole to manhole by 
any suitable process, attaching the cable to the 
rope, and paying out the cable from the top of the 
reel that stands near one of the manholes, as 
shown at Fig. 97j. The method of drawing in by 
steam or gas engine operated winch is generally 
followed in extensive installations, though man 
or horse operated winches may be used in smaller 
installations. Care is taken in feeding the cable 
into the mouth of the conduit to prevent abrasion 
of the sheath. This may be done by means of a 
funnel shaped metal guide shield in the mouth of 
the conduit and also carefully feeding in and di- 
recting the cable by hand as it is pulled through. 

Underground Wires. — Some of the first at- 
tempts to lay underground telephone wires were, 
as we look back upon them now, quite ludicrous. 
In Washington one plan that was tr\^d, -axX-v^-^N^ 
expense and with no swccess, w^is \\\^ \i\a.^\>^'ii> ^^ 
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bare copper wires in a wood trough in a trench 
in the street, the wires being held in position and 
separated from each other by being drawn taut 
through holes in porcelain plates fixed in the 
trough; the trough was then poured full of tar, 
covered with a plank, and the trench filled. Wash- 
ington's summer climate, however, proved to be 
a little too much for this system ; a gentle slope in 
the street caused the tar to flow toward the lower 
end of the conduit, where it leaked out of the 
containing trough and oozed up between the pav- 
ing blocks to the street surface. This allowed 
the wires to cross with each other, making the 
experiment a failure. 

Rubber-insulated cables, similar to successful 
telegraph cables, were next tried and used to a 
limited extent for very short distances. As a less 
costly and more efficient substitute, cotton-insu- 
lated wires were formed into a cable, impregnated 
with paraffin, and covered with a lead sheath ; but 
the same phenomenon that seemed for a while to 
be an insurmountable obstacle in the way of 
transatlantic telegraphy made speech difficult 
through a short length and impossible through a 
considerable length of one of these cables. The 
electrostatic capacity of a mile or so of the wire 
in such a cable, although not noticeable with the 
comparatively large, slowly interrupted currents 
used in telegraphy, was absolutely fatal to the 
transmission of speech, which de^etvds w\>ox\ *Cs\^ 
most minute alternating cutttivt^, oi n^x^ \Cv^ 
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frequency and very complex wave- form. If the 
little voice-current was not completely absorbed 
by the capacity of the conductor, it had its wave 
form so changed that it could not reproduce intel- 
ligible speech at the further end of the line. 

The preservation of the wave-form is the im- 
\ portant thing. It has been frequently pointed out 
that with the transmission of power over long- 
distance by means of alternating currents, the 
thing sought is to get the largest possible 
percentage of the developed energy delivered 
safely at the fartlier end of the line, while 
the telephone transmission energy loss is of small 
importance compared with distortion of the wave- 
shape. The man who works on the problem of 
long-distance telephone transmission is probably 
not at all horrified by the idea of energy losses in 
the line of 95 or 99 per cent., provided he can pre- 
vent material change in the shape of the wave. 

After the early attempts wMth rubber-insulated 
and parafifin-core cotton-insulated telephone ca- 
bles, the dry-core paper-insulated cable was de- 
veloped, and there is now more than 7,000,000 
miles of wire in use in such cables in the plant of 
the associated Bell telephone companies. 

By means of a wire drawn in while the duct is 
being laid, or by means of sectional rods pushed 
through the duct from one manhole to the next, 
a hemp or wire rope is drawn through the duct 
by means of wliich the cable is in turn dragged 
wto place. In some localities t\Ae Tw\.-'a.wv\-\^XT^\. 
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method is or has been in practical use. This con- 
sists in sending a rat through the duct, followed 
by a ferret in harness, who, in his pursuit of his 
intended prey, draws a light cord through to the 
next manhole, by means of which a heavier cord 
or rope, and finally the telephone cable, is drawn 

in. 

New French Telephone Cable. — The accom- 
panying drawing, Fig. 97k, shows the details of 
construction of the new telephone cable recently 
laid between Abbotsclifife and Cape Gris-Nez by 
the Telegraph Construction and Maintenance 
Company, Ltd., on behalf of the French Adminis- 
tration of Post and Telegraphs. 







Fig. 97k. — French Submarine Cable. 

It will be seen from the diagrams that the 
cable is of continuously loaded type, and it is 
therefore of special interest, because it enables a 
direct comparison to be made with the Pupin coil- 
loaded cable laid between the same points to the 
order of the British Post Office. It is claimed 
for this type that it has none of the mechanical 
objections that are inherent \vv \.\\e coAAo-^^X.^^ 
type. In external appearance and \w ^^w^^'iv^ ^'^^^ 
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construction it is identical with ordinary subma- 
rine cables, and therefore presents no increased 
difficulty either in laying, picking up, or in repairs. 
The copper conductor, which weighs 300 
pounds per nautical mile, consists of a central 
copper wire surrounded by five copper tapes 
according to the method introduced by Wil- 
loughby Smith, and the inductance loading is 
obtained by surrounding the conductor with a 
close helically-wound layer of .012-inch steel wire. 
Cable of this form is also suitable for under- 
ground service between remote points, and is said 
to preserve sound-wave forms and reduce induct- 
ance losses. 
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TESTING TELEPHONE LINE 
WIRES AND CABLES 

Continuity Tests, for determining whether or not 
a line wire or cable wire is broken, are made by 
grounding the wire at one end of the line and with 
a 3 -cell battery and buzzer in series and grounded 
at the other end, touching the remaining terminal 
to the wire undergoing test. If the buzzer operates, 
the wire is continuous; if the buzzer fails to work, 
the wire is broken. 

Testing for Crosses between wires or between 
wires and cable sheath is done by means of a 3-cell 
battery and telephone receiver. Taking, for ex- 
ample, the case of a cable still upon its reel, the 
connections are made as in Fig. 98. N represents 
the near end and F the far end of the wire being 
tested, B the battery, and T a telephone receiver. 
All the wires of the cable at F are carefully sep- 
arated from each other and from the lead sheath; 
those at N are stripped of their insulation except 
the one under test, and are connected together 
and to the lead sheath by the wire C leading to the 
battery. The tester rapidly taps iVve ix^^ \i\w^vw3^ 
post of the receiver with the coivducloT \c$vTvfc^ ^."^ 

1 59 



the wire undergoing test. The first tap, and per- 
haps the second, will produce a distinct click 
.in the receiver, but if the wire tested is perfectly 
insulated no further sound in the receiver will 
follow the tapping. If, however, the wire is crossed 
with any other wire in the cable or with the sheath, 
every tap will be followed by a distinct click in 
the receiver. A partial connection caused by 




Fio, 9Q. — A Portable Wheat atone- Bridge Testing Set 



moisture in the paper insulation will be indicated 
by faint chcks. In the same manner other wires 
in the cable may be tested, care always being 
taken to see that the exposed ends of the wires 
at F arc separate from each other and from the 
sheath. 

Locating Grounds, Crosses, oi S«iu^xt% '^Sx^a. 
can conveniently be done b^ nvean?. qI "i 



Wheatstonc-bridgc testing set, Fig. 99, connected 
as shown in Fig. 100. The troublesome line wire 
is denoted by m, Fig. 100; one end of this wire 
is connected to the Wheatstone bridge B at d, and 
its other end is connected to h either directly or by 




m 



Fig. 100. — Connections for Locating Grounds, Crosses, or 

Swinging Wires 

means of a perfect conductor n of the same resist- 
ance per unit length as m. The point y represents 
the location of the trouble, which we will suppose 
to be a leakage to ground. The ratio arms of 
the bridge are denoted by a and 6, the adjustable 
resistance arm by r; and the circuit d mn hy con- 
sisting of the defective wire m and the perfect wire 
w, forms the resistance x. The junction of a and 
b is connected to ground through the key k and 
battery /. By introducing equal resistances in the 
r-arm, a balance is finally obtained; this is indi- 
cated by no deflection in the galvanometer g when 
the keys k and are closed. Knowing the value 
of X from the size and length of the wires m and «, 

Oie resistance of the wire length h y can be found 
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by substituting the values of x and r in the for- 

x-r 
inula h y= . Dividing the value thus found 

2 

for h y hy the resistance per foot or mile of the 
wire gives the distance of the fault from h in feet 
or miles. The portable testing set, Fig. 99, con- 
tains, in addition to the Wheatstone bridge B, the 
galvanometer g, the battery, and the keys and 
k as indicated. 

For locating crossed or swinging conductors, 
one of the defective wires must be grounded, and 
the other joined by means of a perfect wire to the 
points d and h of the bridge as in the previous case. ^ 
This test is also conducted like the preceding one. 
If the crossed or swinging conductors make good 
contact with each other, the location of the cross 
can be fourd by measuring the resistance of the 

a 
circuit thus formed (it being equal to - r), and 

b 

dividing the result thus obtained by twice their 
resistance per unit length. For this test the battery 
/ and key k are connected from the junction of a 
and b, Fig. 100, to h instead of to ground. The 
values of a and b in this case may be made re- 
spectively 10 ohms and 100 ohms, for greater 
accuracy. 

Testing Out the Separate Pairs of a Cable re- 
quires two men, one at each end of the cable, 
provided with a battery, electric bell or bu?.?.^^^ 

and a portable telephone s.el. k nnyx^ ^X <^^^ ^^^ 
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of the cable is first connected through the buzzer 
to ground. At the other end of the cable the 
battery and buzzer are joined in series, and one 
terminal of the connection is grounded while the 
other terminal is scraped over the bared con- 
ductors. When contact is made with the con- 
ductor previously grounded at the further end of 
the cable, both buzzers will operate. Tliis con- 




A Portable Telephone Set tor Line Testing 



ductor, together with its mate which is easily 
distinguished on account of being twisted with 
it, afford a complete metallic circuit through the 
cable. If the portable telephone sets be now con- 
nected to this circuit and the test continued as 
before, the s..parate pairs can be tested and num- 
bered with but little trouble. 

An Acme telephone set adaptable for line test- 
ing is shown in Fig. loi. The worWn^ v^"^^^ "-^^ 



completely inclosed within the box a when not in 
use, even the receiver r and the crank c of the 
magneto generator being thus housed. By means 
of the strap 5 the set can easily be carried from 
place to place, connection being made to the line 
at the binding posts m and n. 
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WIRING AND OPERATION OF 

SPECIAL TELEPHONE 

SYSTEMS 



Party-Line Systems. — In these, two or more 
telephone stations are connected to one line, and 
where a central office or exchange is provided, the 
line is connected to one set of switchboard ter- 
minals. If there is no exchange the system is 
operated by the parties who use it. Party-lines 
have been devised to reduce cost of installation 
and operation over that necessary when each tele- 
phone station is connected to a separate line cir- 
cuit. They may be divided into series party-line 
systems and bridging party-line systems. Al- 
though the regular wiring for both these cases 
has already been illustrated and described under 
Scries Connections and Bridging Connections of 
telephone instruments, there are several modifi- 
cations of these which have proved adequate in 
meeting special requirements and merit consider- 
ation here. Details regarding size of wire, etc., 
follow the instructions previously given. 
Series Party-Line Systems. — ^TVvc s\m\Ae«X ol 
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these systems is shown in Fig. 102. Magnet 
telephones are used for transmitting instead of 
the usual carbon transmitters, and batteries are 
employed instead of magneto generators. In each 
of the 3 stations shown, / represents the trans- 
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Fig. 102. — ^The Simplest Form of Series Party-Line 

System 



mittcr, r the receiver, h the hook switch, b the 
battery, v the battery bell or buzzer, and s a switch. 
When a station is not in use the receiver hangs on 
the hook switch, causing the latter to connect 
the line with the lower contact c, and as the switch 
s is normally held against the upper contact a by 
a spring, the bell circuit is closed. When a signal 
is to be sent, the receiver is removed from the hook 
switch and the switch s pressed down upon the 
lower contact n; the current from the battery in 
that station then rings the bells in the other sta- 
tions and, according to the number of rings, signals 
the desired party. Conversation is then carried 
on. as usual, one of the magnet telephones being 
used as the transmitter and the other as the re- 
ceiver. The extreme simj)licity of this arrange- 
ment is accompanied by \\V\\c^ eo'tX. ^tl^ \xQiv^^^^ 
for apparatus and wiring, WV \)tv^ ^-j^V^^cc^ "^^ 
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practicable only over distances of a few hun- 
dred feet. 

Carbon Transmitters Without Induction Coils 

can be used in series party-line systems as shown 
in Fig. 103. The same lettering is employed as 
in Fig. 102 for corresponding parts, so the different 
apparatus will be easily recognized. It will be 
noted an extra battery x serves in the two end 
stations for operating the transmitters. This sys- 
tem like the preceding one is practicable only 
over short distances. It is convenient in that it 
does not require the use of induction coils and 
magneto generators. 

Ringing Current Supplied by Battery which fur- 
nishes the talking current, instead of l)y a magneto 
generator, is a feature of some scries party-line 
systems. The wiring for a threc-party-line system 
of this kind is shown in Fig. 104. Each station is 
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Fig. 103. — Series Party-Line System Ushig Carbon 
Transmitters without Induction Coils 

wired the same, and when not in use the receiver 
hook h is down and the switch 5 is up, leaving the 
battery bells in circuit. In systems where battery 
bells are used in series, of which the present one 
js an example, the vibrations musl be '8>VvotV-q\v 
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cuitcd in all bells but one. When a signal is to 
be sent, the switch s is pressed down, the receiver 
being left on the hook, and the battery at that 
station causes all the bells to ring. Upon remov- 
ing the receiver from the hook switch, the latter 
flies up, connecting the same battery in series with 




STATION 3 



STATION 1 STATION 2 

Fig. 104. — Series Party-Line System in which Both 
Ringing Current and Talking Current are Obtained from 
One Battery at Each Station 

the transmitter t and primary winding p of the 
induction coil as in Station 3. The secondary 
winding c of the induction coil and the receiver r 
are then in connection with the line as shown, 
while the switch s and bell b are disconnected. It 
is obvious that in this system the talking current 
must flow through the bells of those stations not 
in use in order to reach its destination. The 
batteries should be connected as indicated, so that 
in case two or more signaling switches are de- 
pressed simultaneously, the batteries will agree in 
polarity. 

Bridging Party-Line Systems. — These systems 
when wired other than according to the regular 
Bridging Connections previously given are arranged 
for selective signaling. By " «)^\fccX\N^ ivgMi^:iNxs%'^ 
is meant that the bell in any one; ^X.^XXsycs. <A ?^ ^"^^^M 
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line system can be rung without ringing the others. 
Bridging party-line systems thus fitted are generally 
connected to a central office or exchange where a 
switchboard and operator are provided to connect 
the station of the party signaling with the station 
of the party desired; in other words, systems of 
this kind are used where the number of stations 
and their importance are such as to warrant a 
comparatively high grade of service. 

A Two-Party-Line Selective System wired on 
the bridging plan is shown in Fig. 105. Suppose* 
a j^arty on some other circuit entering the ex- 
change has signaled the operator that he desires 
a connection with Station i shown in the diagram. 
'i'he o])erator first pushes her master-key to the 
left so that it makes contact with the left-hand 
stoj). When the plug is inserted in the jack con- 
nected to the desired Hne and the ringing key is 
dosed, current from the magneto generator will 
pass out on the '* sleeve '^ side of the line down 
through l)in(ling post 5 in Station i, through its 
magneto bell, and by binding post G to ground 
and back to tlie grounded generator in the ex- 
cliange. This current will ring the bell in Station 
1 Ix'cause this bell is connected between 5 and G; 
it will not, however, ring the bell in Station 2 
although the l)ell there is similarly connected be- 
tween 5 and (7, because tlie l)inding post 5 is 
joined to the 'Mi])" side of the line instead of the 
'' sleeve " side. 
// the operator be rcc^ucsled lo ^\%tv^ ^VvnJCvwtv 
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2 she would push the master-key to the right- 
hand contact and proceed as before, whereupon 
the ringing current would pass out on the " tip " 
side of the line and ring the bell in Station 2. 
The bell in Station i would not be afifected 
for the reason previously given. Having raised 
the desired party the operator would connect the 
switchboard terminals of his line circuit with those 
of the calling party, thereby enabling them to 
converse with each other. By means of a low- 
resistance magnet drop connected across the line 
at the switchboard and cut out of circuit when 
the plug is inserted in the jack, either of the par- 
tics at Stations i or 2 can signal the operator with 
the bridging magneto generator in their telephone 
set without disturbing the other. The bells at 
the stations are wound to a resistance of 1,000 
ohms. 

The principle of the selective system just de- 
scribed can advantageously be employed when 
there are any number of parties connected to a 
line. By having one-half of them connected with 
their bells between the " tip " side of the line and 
ground, and the remainder with their bells between 
the ** sleeve " side of the line and ground, only 
half of the parties connected, instead of all of them, 
will be disturbed when signaled. 

A Four-Party-Line Selective System wired on the 

bridging plan is shown in Fig. 106. This is a fur- 

tlier development of the system in Fig. 105, employ- 

ing positive and negative pulsalmg, cuiiewV'v.o ^c\.\^- 
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ate bells of similar and opposite polarity. Each bell 
is wound to a resistance of 2,500 ohms and is fitted 
with a biased spring to hold the armature against 
one of the pole faces, thus making it sensitive to 
one polarity of current, but not to current of the 
opposite polarity, the wrong polarity simply caus- 
ing the armature to l)e attracted in the same di- 
rection as that produced by the tension of the 
biased spring. This feature, together with the 
connections of alternate bells to the ** tip '* and 
"sleeve" sides of the line as in Fig. 105, enables 
any one of the 4 stations. A, B, Cy and Z>, Fig. 
106, to be signaled without ringing the bells in 
the remaining stations. The terminals of each 
telephone set are joined to the lines wires and 
ground in the same manner, but the leads from 
the bells to the terminals are connected differently 
as shown, to bring about the results described. 
The line wires terminate at the exchange swdtch- 
])oard in a low-resistance magnet drop, as in the 
preceding case, so that a party signaling the ex- 
change does so without ringing the bells in the tele- 
phone sets. 

The wiring in the exchange for a party-line cir- 
cuit of this kind is shown at the left of Fig. 106, 
and includes, besides that for the line drop, jack, 
and plug, the connections of the generators giving 
the positive and negative pulsating current, in 
addition to the alternating current used for regu- 
lar ringing, and of the generator switch, special 
selecting key J and regular rin^in^ key. Ir\ calling 
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a party the operator first sets the special selecting 
key to correspond to the station desired, pressing 
it perhaps as indicated by the dotted lines so as 
to make contact between the proper springs; after 
inserting the calling plug in the line jack, she de- 
presses the regular ringing key into its dotted posi- 
tion, thereby allowing the ringing current to flow 
through the signaling circuit. When the special 
selecting key is in its upright or normal position, 
alternating current is available, but when pressed 
to the right or left, places positive or negative pul- 
sating current at the disposal of the operator. 

Intercommunicating Systems. — In these, 3 or 
more, usually not over 15, stations in the same or 
adjacent buildings are connected together, so that 
a party at one of them can call up and converse 
with a party at any other without the use of an 
exchange switchboard and operator, but with 
more privacy and as satisfactory selective signal- 
ing as supplied by the best of such systems; also 
at a comparatively small cost of operation. At 
each station there must be at least one wire to 
every other station and a common return wire 
which runs through all the stations. If battery 
bells and one common ringing battery are used, 
there must be at least two more wires than there 
are stations. No. 18 B. & S. gage rubber- covered 
copper wires are preferably used; for connecting 
the stations together these wires may be formed 
into a cable, if desired, and covered with frictvoxv 
tape. * . * 
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A Common Form of intcrcommunicaling system 
is shown in Fig. 107. Four stations, i, 2, 3, and 
4, each fitted with series polarized l)ells, magneto 
generators, and the usual talking instruments, are 
there indicated connected together by the four wires 
I, 2, 3, and 4 and the common return wire r. At 
each station there is a switch 5, the contact points 
of which are joined to the wires connecting the 
stations. With the contact arm of each switch 
on the contact point corresponding to its station, 
a party at any station can signal any other station 
l)y moving his switch arm to the contact point 
corresponding to the station desired and turning 
his generator handle; this action will ring the 
bells only at the station called and the station 
calling, and the talking current will likewise pass 
only through these two stations. In the diagram 
the switch at Station i is set for signaling Station 
4. Each of the telephone sets in this system has the 
same interior wiring, and the number of wires 
l)etween the stations is one in excess of the num- 
l)er of stations connected. Although only four sta- 
tions are show^n in Fig. 107, any number desired 
may ])e connected by developing the plan along the 
lines indicated. In order that an instrument in 
this system be in circuit for receiving a call it is 
necessary that its switch arm be on the contact 
point corresponding to its own station; this ne- 
cessitates that each party after making a call re- 
turns the switch arm to its original position after 
his cofitcrsation is finished. 






An Improved Fonn of intcrcommimicating sj-s- 
tcm is that in which a station can be called even 




Magneto Generators and Polarized Bells 

though its switch arm is not on the proper contact 
point; the wiring for such a system is shown in 
Fig. io8. The telephone sets contain the same 




Pic. io8. — Method of Wiring an Intercommunicating 
System so that a Station can be Called Regardless of the 
Position of Its Contact Arm 

apparatus as in the preceding case, connected u^i in. 
the same way. One terminal oi eac\v e>e\.,\»w"««;NCT., 



is wired l)oth to Ihc switch arm .? and to the con- 
necting wire corresponding to that station, while 
the remaining terminal is joined to the cohimon 
return wire r. Each station has its contact point 
mounted at the extreme left of the row, but is not 
connected in circuit; this point is intended to be 
covered by the switch arm after a conversation is 
finished, but as will be seen by referring to the 
diagram a station can be called while its switch 
arm is on any of the contact points. In Fig. io8 
the switch at Station 2 is set for signaling Station 
T. Supposing this switch was left in the position 
shown, Station 2 could be signaled by any one 
of the other stations; if, however, either Station 
3 or 4 signaled Station i, the bells in l)oth Stations 
I and 2 would ring. Although this would be some- 
what annoying to the party in Station 2, it would, 
nevertheless, be due to his own carelessness in not 
having his switch arm in its proper position. 

A Battery and Battery Bells can be used in place 
of magneto generators and bells on intercommu- 
nicating systems if wired as in Fig. 109. The con- 
nections shown permit any station to signal any 
other station regardless of the position in which 
the switch arm at the station called has been left. 
Although but 3 stations are shown, any number of 
them can be connected, the number of connecting 
wires required being 2 in excess of the number of 
stations. Each station contains the same appara- 
tus wired in the same manner, the transmitter 
])iii1cry I) being retained as in the preceding cases. 
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The signaling battery / serves for the entire sys- 
tem and is connected between the battery wire a 
and the common return wire c at any convenient 
part of the system. The battery bell e at each 
station is permanently connected to the contact 
point corresponding to its station, and the pivot 
of the switch arm s is wired to the push switch k 
in each case. The connections shown enable only 
the bell at the station called to ring; the bell in 
the calling station not being in circuit will not ring. 




Fig. 1 09. — Wiring for an Intercommunicating System 
Using a Common Signaling Battery in Place of Magneto 
Generators 

Although it is usually advisable to have both these 
bells operate in order that the party signaling may 
know his signal has been transmitted, it is not 
practicable to do so in this case. 

An Exchange Communicating System can be 
had by wiring the stations as in Fig. 110. The 
central or exchange Station C is the only one that 
can be signaled from the other stations, but from 
this station any of the others can be signaled. 
The wires m and n connect \v\\\v eac\\ o\ 'Oa^ ^v^- 
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tions as shown, and from C there is a wire w to 
each of the other stations. A party at Station 
A or B signals Station C by closing the switch 5; 
this closes the circuit containing the battery b 
and batter}^ bell / in Station C and raises the party 
there. From Station C either of the other stations 
can be signaled independently by placing the 
switch arm v on the contact point corresponding 
to the station desired and closing the switch e. 




Fio. 1 10. — (\)nnections for an Exchange Communicating 

System 



Station C can be signaled regardless of the position 
in which the switch arm v is left. It will be noted 
that no induction coils are used in this system and 
that the l)attery b in Station C furnishes current 
for both signaling and talking purposes. 

Automatic Intercommunicating Systems are 
those in which the switch arm at each station is 
returned automatically to its normal calling posi- 
tion after a conversation is finished. The Ness 
system controlled by the Holtzer-Cabot Company 
is of this kind, and a telephone wall set fitted with 
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this automatic attachment is shown in Fig. 1 1 1 ; 
it can be connected to operate according lo any of 
the intercommunicating methods previously de- 
scribed. The party using it moves the switch arm 
s to the contact point corresponding to the station 
desired, and when through returns the receiver 




to the hook switch k. The motion of the hoolc 
switch when the receiver is hung upon it actuates 
the mechanism for restoring the switcli arm to its 
normal calling position shown in Fig. iii. 

This mechanism, Fig, 112, consists of a dog d, 
pivoted on the short arm of the VooV 'swS.'^ V, 
which projects into a notch on. a ^a>N\ ^ •a.t\6.N:&Ss. 



the latter out of engagement with a ratchet wheel 
■w when the switch hook is pulled down. The 
ratchet wheel w and the contact arm s being 
mounted on the same shaft with a spiral spring, 
the action just noted permits the spring to return 
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the contact arm lo its normal position. After the 
pawl p has been raised to a certain point, the dog 
slips out of the notch on it, permitting the pawl 
again to come in contact with the ratchet wheel 
w and be ready for the next use of the telephone. 
To prevent the pawl from engaging with the ratchet 
wheel before the contact arm s has reached its final 
position, the second dog g is provided; this is 
pressed by a spring so as to project under the pin 
k, carried on the pawl p, and holds p away from 
the ratchet wheel until s has traveled to its normal 
position. Then a cam on the ratchet wheel forces 
the dog g away from the pin k and allows the pawl 
lo drop into position. 



The Private Branch Exchange. — This is a small 
central office diflfering from the main telephone 
exchange only in being smaller. It is intended 
to relieve the latter from calls not extending out- 
side the building in which it is located, and to 
effect a saving in the amount of wire required for 
an installation. Instead of each station in a build- 
ing being connected v^ith the main telephone ex- 
change, it would in the present case be onnected 
with the private' branch switchboard, and those 
calls not extending outside the building would be 
handled on this board entirely irrespective of the 
main exchange. By means of a few trunk Unes 
running from the branch switchboard to the main 
switchboard, calls to parties outside the building 
can be put through by operators stationed at these 
boards. The use of a few trunk lines and short 
connecting wires to the different telephone sets, 
instead of individual wires extending the entire 
distance between the telephones and the main ex- 
change, effects a considerable saving in copper. 
This kind of installation is especially adapted and 
widely used in office buildings, hotels, and factories. 
Owing to the similarity between a private branch 
exchange and a small central exchange such as 
will next be considered, no separate description 
and discussion of the former will be necessary. 

A Small Central Exchange. — By a small central 
exchange is here meant one whose capacity does 
not exceed 200 stations. The line conductors^ 
leading into such an excViaiv^e tcv^^ \i^ €vJCevSix ^^-s^^n^^ 
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wires or cables, and as a rule complete metallic 
circuits must be provided for. 

Protection to the exchange apparatus is usually 
similar to that afforded the telephone set in the 
user's premises. This, it will be remembered, 
comprises a fuse, a heat coil, and a carbon light- 
ning arrester for each side of the line. A terminal 
liead like that shown in Fig. 95, but fitted with 
fuses for each line wire serves well for protection 
from abnormal currents if utilized* on the last pole 
of the line, while on the main distributing board 
in the exchange may be mounted the carbon light- 
ning arresters and the heat coils for intercepting 
sneak currents. The main distributing board's 
chief function, however, is to provide fixed termi- 
nals for the line conductors and fixed terminals 
for the wires running to the exchange switchboard, 
so that these two sections of wiring will be entirely 
independent of each other and cither one can be 
changed without necessitating a change in the other. 
It is then possible to shift any outside circuit to 
any switchboard circuit by simply changing the 
** jumper" wires connecting them together. 

To facilitate this work, the terminals are num- 
bered as in the distributing board shown in Fig. 
1 13. In the case of open wire lines the terminals 
are numbered to correspond to the insulator pins 
carrying the conductors connected to the termi- 
nals. The pins in a complete metallic installation 
are numbered as follow^s: standing with the back 

to the exchange and facing Vh^i d\ivicl\ow ol tKc 
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pole line, the two points at the extreme left of the 
top cross-arm are each No. i, the next two pins No. 
2, and so on toward the right, continuing with the 
left-hand pins on the second cross-arm in the same 
manner. The distribution board, Fig, 113, is of 
hard wood, fitted with fuses j and carlxin light- 
ning arresters a, but carries no heat coils. It is, 
however, fitted at c for plug tests whereby grounds, 
short circuits, crossed wires and open lines may 
be determined, A testing wire is readily plugged 
in on any circuit as shown at n. The board is 
mounted on the wall or any flat surface near the 
switchboard, and is connected with the switchboard 
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apparatus by No. 22 B. & S. gage copper wires, 
tinned and formed into cables of 26 pairs each. 
The wires are each covered with a layer of silk 
and a layer of cotton thread placed one %.Vhs-:vl 
the other. The cotton thread oti. oiie. liss^^s.'^'*'^ 



of a i»air is white and on its male is colored, so 
as to distinguish the one from the other. After 
being paraihned, the insulated conductors are bound 
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together with cotton braid saturated in powdered 
soapstone and painted to exclude moisture. 

The Exchange Switchboard for loolinc rirruits 
or stations is shown in Fig. 114. \l c<mM.^V-r. ol 



the following parts: the line drops a a, i for 
each line circuit, by means of which the switch- 
board operator is signaled; the clearing-out drops 
c c, I for each of the lo operator's circuits provided, 
by means of which the operator is notified when a 
conversation between two parties connected through 
the board is finished ; the spring jacks e e, which arc 
numbered to correspond to the line drops to which 
they are wired and are connected one to each line 
circuit; the plugs ^ ^, which, being the terminals 
of the operator's lo circuits, are therefore 20 in 
number and which when inserted in the jacks 
connect together the line circuits wired to them; 
the ringing and listening keys k k, 1 for each of the 
operator's 10 circuits, and which when depressed 
forward connect the magneto generator at g with the 
station plugged, for signaling the party there, and 
when depressed backward connect the operator's 
receiver r in circuit for enabling her to determine 
from the signaling party the station desired and 
to listen in on the conversation and learn if the 
proper parties are connected; and the operator's 
transmitter /, which is adjustable as to height, for 
enabling the operator to speak with the parties 
connected, when necessary. Telephone switch- 
boards up to 200 stations capacity are built along 
the same lines as the one in Fig. 114. 

Each Line Circuit terminates in the switchboard 
as shown in Fig. 115, / and / being the line wires, 
d the distributing board, 5 the s\stvcv^ \'^^^ -^xv^ 
J the line drop. One side ol V\\£ Xvcva Octo:sx\. x^ 
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connected directly with the brass strip r of the sjiring 
jack, which terminates in a curved end. The 
other side of the line circuit is joined to the brass 
spring b, the end of which is also curved as shown. 
The spring b has a contact point which, when in 
its normal position, presses against the spring g^ 
and r is similarly connected to the spring /. The 
line drop A is joined in circuit by wires connect- 
ing its magnet winding to the springs / and g. 

A party desiring a connection with some other 
party signals the switchboard operator at the cen- 
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Fig. 115. — Each Line Circuit Terminates in the Exchange 

Switchboard as here Shown 



tral exchange by operating his magneto generator; 
this sends a current through the magnet winding 
of the line drop A connected to his circuit at the 
switchboard, and, by attracting the armature w, 
releases a catch which permits the shutter to drop. 
The swinging down of the shutter attracts the' op- 
erator's attention and reveals to her the number of 
the calling party previously hidden by the shutter. 

The Operator's Circuit on the switchboard is 

shown in Fig. 116. The two plugs m n and r v have 

their tips m and r electrically connected to the re- 

spective springs s and i of the imgmg^ Vc^^'a R ^xA. 
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/?', and their sleeves n and v^ which arc insulated 
from their tips, aie connected respectively to the 
springs e and c. The inner contacts of the springs 
of one ringing key are connected to the inner con- 
tacts of the springs of the other ringing key, and 
between the wires leading from the outer contacts 
of both keys is connected the magneto generator 
g. At the points d and h, in the circuit joining 
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Pig. 1 1 6. — Wiring of the Operator's Ctrctiit on an Ex- 
change Switchboard 

the ringing keys, wires run to the outer contacts 
of the key Z, called the operator's listening key, 
and between these wires is the clearing-out drop 6. 
The springs of the key L are connected with the 
operator's receiver o and secondary winding ; of 
an induction coil, the primary winding / of which 
is in circuit with the battery y and operator's 
transmitter p. In the switchboard there is but i 
primary circuit ly p, i secondary circuit o \^ ^^xv^ 

I magneto generator g, but \.\vc t^"sX. c^l "0^^ '5^:^^$:'^^- 
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tus and wiring in Fig. ti6 ij- repeated for each 
operator's circuit; in the swit rhboard, Fig. 114, 
there are, as previously noted, 10 operator's circuits, 
enabling 20 different parties to be connected in 
pairs simultaneously. 

A party having signaled the operator as already 
described, the first duty of the operator is to find 
from him the number of the party desired. This 
the operator docs by inserting the plug m «, called 
the answering plug, into the calling party's jack 
5, Fig. 115. As all the jacks and line drops are 
numbered, those connected to the party's tele- 
phone bearing the same number as his line circuit 
and telephone set, it is an easy matter for the 
operator to select the proper jack in w^hich to insert 
her plug. When inserted and pushed in, the tip 
vt of the plug makes contact with the curved part 
of the spring r, and the sleeve n makes contact 
with the curved part of the spring b. As the springs 
r and b are forced outward by the plug they sep- 
arate from the springs / and g and thus cut out 
of circuit the line drop A, The operator next 
closes her listening key Z, Fig. 116, so that its 
springs touch the outer contacts; this brings her 
telephone in circuit with the calling i)arty's line 
and enables her to learn from him the number of 
the party with whom he desires to speak. 

Having been informed of the desired number, 
the operator introduces her plug r v, called the 
answering plug, into the jack containing the num- 

ber asked lor, anrl closes the tiiv^ytv^ V^e^j R'. 
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When this key is closed and the magneto generator 
g put into operation, current from the generator 
l)asses over the Une and rings the bell in the de- 
sired party's telephone set, attracting his attention. 
No current will flow elsewhere because the inner 
contacts of the ringing key R^ are opened when 
this key is closed. The party signaled, upon an- 
swering, finds himself in connection with the party 
who desires to talk with him. As soon as the con- 
versation has been started, the operator opens her 
listening key L so as to leave her telephone cir- 
cuit free for answering other calls. When the 
parties connected have finished their conversation, 
they hang up their receivers and give the handles 
of their magneto generators a few turns; this gen- 
erates the current required to actuate the clearing- 
out drop bj which, when its shutter falls, acts as a 
signal to the operator that the parties have fin- 
ished talking. When the operator receives this 
" ring off" signal, she withdraws the plugs m n and 
r V from the jacks in which they were placed. 

In the diagram. Fig. ii6, it will be noted two 
ringing keys R and R are indicated, but that only 
i?' was used in the foregoing procedure. The ring- 
ing key R is needed only when the plug w w is used 
as the answering plug and ri; as the calling plug, 
instead of vice versa. As it is not convenient 
always to use the same plug for the same purpose, 
the ringing key R is often dispensed with and ihe 
listening key L and the ringing key R' combined 
into one as in the switchboaid,¥\^« \\V 
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A Combination Ringing and Listening Key as 

made by the International Telephone Manufac- 
turing Company is shown in Fig. 117. The han- 
dle k is all that projects above the switchboard 
shelf s, the springs, etc., being mounted below. 
The one set of springs form the ringing contacts, 
and the other set the listening contacts. Pressing 
the handle forwanl or backward closes the one set 




7. — Tombination Ringini; and Listening Key 



of springs or the other lay reason of the insulated 
knob or f forcing them together on each side. 

Spring Jacks and Plugs as made by the Central 
Electric Company arc shown respectively in Figs. 
118 and 1 19, It is readily seen that, when the 
tip m of the plug is inserted through the hole in 
the part h of the jaci; and comes in contact with 
the spring r, how the sleeve s of the plug comes in 
contact with the s])riiig b; how, when (.he ^lug »& 



inserted, the springs f and b break contact with 
the springs / and g; how the two contact parts 
of the plug are insulated from each other by the 




Fig. ii8.^-A Spring Jack 

hard rubber at z and connected in circuit by the 
braided twin conductor cable /; and how by screw- 
ing the part n in or out of the jack it can be adjusted 




Fig. 119. — ^Answering or Calling Plug 

to act as a stop for the plug so that the plug will 
make the proper connections when pushed in as 
far as it will go. 

Fig. 120 shows the interior construction of the 
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-The Inner Construction of an Answering or 
Calling Plug 



plug. The protecting fiber cylinder w, Fig. 119, 
has been removed by taking out live, ^c^^^n •vm . "V^^ 
threads at i arc for holcVmg, \\vc e^C^^ vcv "Ow^ ^^^ 
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and thus rclievinp; the strain on ihc conductors, 
by being screwed info the braid. One of the cable 
conductors is screwed directly to the outer brass 
cylinder and is tliereforc in electrical connection 
with the sleeve of the plug; the other conductor 
is fastened by means of the screw v to the inner 
part o of the plug, which is entirely insulated fron* 
the outer brass cylinder by hard rubber yand 
extends through the sleeve, terminating in the tip m. 




\ Line Drop 



Line Drops and clearing-out drops are not con- 
structed alike. The former, being cut out when 
the opcraior introduces her plug, is not in circuit 
when the line is in use, and may therefore be 
wound to a comparatively low resistance. A line 
drop has 2 magnet cores, the windings on which 
ha\'c a total resistance of about 80 ohms, are wound 
in opposite directions on the 2 cores, and are con- 
nected in series. One of these line drops is shown 
j'n Fig. 121. When current pa&MS. xHtou^Ii the 



magnet coils m and n, the armature c is attracted 
and raises the catch a attached to it, both c and a 
being in one piece pivoted at v. This upward 
movement of a releases the shutter s, which swings 
down, exposing the calling party's number. 

Unless the switchboard is equipped with self- 
restoring drops, the operator will be obliged to 
replace the shutter by hand after it has fallen. 
With self-restoring drops, however, the act of 
introducing the plug into the jack mechanically 
restores the shutter. In this case the drops and 




Fig. 123. — Self-Restoring Drop 

jacks are mounted together, each jack beneath 
its corresponding drop, as in the Central Electric 
self- restoring drop. Fig. 122. When the plug is 
inserted in the jack /, the lever at m is actuated 
and mechanically restores the shutter s to its nor- 
mal position. 

The Clearing-Out Drops are in circuit whenever 
the lines across which they are wired are in use. 
In order that no more current than necessarj' 
flows through the magnet coil of the clearing-out 
drop, this coil is wound to a high resistance, a-Ws^ 
500 obms. Unlike the line dtopiVcvcx^K^VvX ««^ 



central core and one magnet coil. As the clearing- 
out drops are mounted side by side, and each of 
ihcm is tonnctted lo a separate circuit several ol 
which may have currents in them at the same time, 
cross talk is liable to arise owing to the current in 




. — Clearing-Out Drop 



one drop inducing a current in the adjoining drop. 
To prevent this, a cylindrical iron shield must 
inclose the magnet coil as at m, Fig. 123: this serves 
to collect the lines of force within itself and thus 
prevents them from passing beyond. In other 
respects the clearing-out drop is constructed simi- 
larly to the line drop already described. 

The Switchboard Wiring is done chiefly with 
the No. 22 B. & S. gage copper wires contained 
in the cables leading from the distributing board. 
Short lengths of similar cable are also used. The 
cable from the distributing board is carried up 
one side of the back of the switchboard, fastened 
in place by leather straps, and at each row of jacks, 
commencing at the bottom row, enough wires are 
bent horizontal and fanned out to connect with 
each jack in that row, to w\iVc\\ ttvc-j a,Ti; ^oVitttfti.. 



A separate cable is then used in the same manner 
on the opposite back side of the board to connect 
the jacks with their corresponding line drops above. 
A third cable is similarly employed to wire the 
clearing-out drops to the operator's circuits, and 
twin conductors join together the operator's trans- 
mitter, induction coil, battery, receiver, and listen- 
ing keys. 

Flexible wire cords, each containing a pair of 
tinsel conductors separately insulated with silk 
and cotton coverings and bound together with 
cotton braid as in Fig. 124, which shows an Acme 



*b^d$^#*»^' 



'yy^^^'^^'yj' 



Fig. 124. — Flexible Switchboard Cord for Wiring the 

Plugs in Circuit 

switchboard cord, connect the plugs in circuit. 
The cords are held in place below the plug shelf 
/, Fig. 125, by weights w, each carrying a pulley 
p around which passes the cord c. When the 
plugs are inserted in the jacks ; to connect with 
the different line circuits, the weights on the cords 
keep the cords taut and thus prevent them from 
becoming tangled. The connections between the 
plug cords and the conductors leading to the ring- 
ing keys r are made on the cord shelf s, which 
extends across the rear of the board somewhat 
below the level of the plug shelf. Hereon are 
screwed brass strips a, etc., ha\'\Tv^ \vcJsfc^ \xv n>cv€vl 
ends. In the lower holes al oivc ^w4 ^xvt vcss.^^^^^ 
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tliL' [)Iu<; fords c, clc, Ihc ends of which are wrapped 
with brass wiru wound spirally. These are bent 
around in the form of a hook and returned through 
the upper holes. The wires from the ringing keys 

L' passed through the r— — p 



holes in the opposite 
ends of the strips and ®--~~ 

soldered permanently 
in place. The opera- 
tor's transmitter t is 
connected in circuit by 
the flexible wire cord 
(', which, by aid of the 
weight i, balances the 
transmitter and en- 
ables it to be arljusted 
as to height. The rel- 
ative positions of the 
line drops and clearing- 
out drops are shown at 
/ and o respectively. 

The Useful Life of 
the Switchboard is 
about 20 years. Dur- 
ing this time it will 
require occasional re- 
l)uirs, particularly on 



\\ 






the cords and plugs, and perhaps a drop will bum 
out now and then, necessitating a new one. 

Telephone Exchange Service slmidtl )>e sup- 
plivd under a definile fotraol couViacX. 'TV\?,\a.vX'«. 



may take the form of a flat-rate contract in which 
the party supplied agrees to pay a fixed sum per 
year for unlimited telephone service. Another 
form is the message-rate contract in which a party 
agrees to pay for a certain number of messages 
sent per year. If this number is not reached he 
is allowed a rebate, but if the number is exceeded 
he is charged a fixed sum per message in addition 
to his contract price. Still another form is the 
pay-station contract often made with shop- and 
hotel-keepers. In this, ta telephone set is installed 
for public use, and the party in whose place of 
business it is located is allowed a percentage of 
all calls above a certain number sent over his line, 
he collecting from the public the usual charge per 
call. In message-rate and pay-station contracts 
the operator at the exchange must keep account 
of the number of such calls sent in and the stations 
to be charged with them. 

Lamp Annunciators. — The most advanced 
practice on switchboards is to substitute incan- 
descent lamps for mechanical drops. Eight to 
twenty volt bulbs of low candlepower are used, 
one for each calling up connection. A simple low 
voltage lamp represents the maximum of sim- 
plicity and takes the place of the mechanism of 
the drop, inevitably more or less complicated. 
Lamps are considerably cheaper than the modern 
self-restoring drops, as they operate when current 
passes and cease to give light \NKexv iVv^ ^:>ox\^x>^. 
/low stops. In this manner iVvey iji^^^xxV '^^ ^^^" 
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restoring feature of the most improved magnetic 
drops without complication of the latter. Lamp 
signals are coming into general use on the large 
and more important switchboards. At first, very 
low voltage lamps were used, but these proved 
unreliable, because they were susceptible to very 
slight changes in the voltage, were costly because 
they were hard to make and burnt out very easily. 
To produce the lighting current a storage battery 
is installed in the central station, which gives an 
almost constant voltage. In one system the 
removal of the receiver from the hook sM^itch 
throws the lamp in circuit with the station storage 
battery. The li<:^hling current goes through the 
whole line and through the transmitter at the sub- 
scriber's station. 

Several objections have been advanced in refer- 
ence to this svstem. The most valid is that if a 
cross occurs between the lines, a very low re- 
sistance circuit is pioduced through which current 
may reach the lamp, and perha])s burn it out. 
The obvious way of disposing of this trouble is 
to put the lamp on a relay circuit. The calling 
current closes the relay and the lamp is lighted 
from the storage battery through the unchanged 
resistance of the local circuit. While it is appar- 
ently more comi)licated than the straight circuit 
system, the relay system avoids the necessity of 
adjusting the resistance of long and short circuits 
so as to give each of the lani])s the ])ro])er current. 

A simple ])resentation oi l\\e VoiYvav '^^^^^'^^^ ^'^- 
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nanciator system is given at Fig. 126. The sub- 
scriber's apparatus is shown in the upper part of 
the cut at B and the central office connections in 
the lower part at C At C, g and h indicate choke 

coils, / the annunciator 
lamp and xxi a battery. 
The apparatus g, h and 
/ are all in one metallic 
circuit, and there is one 
such circuit with a num- 
bered lamp for each 
subscriber. 

When the receiver 
is on the hook-switch, 
the circuit, including 
the annunciator lamp / 
is closed through the 
high resistance of about 
1 ,000 ohms of the call- 
ing bell e. This cuts 
down the current so the 
lamp / shows no light. 
When the receiver is 
taken ofif the hook- 
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Fig. 126. — Lamp 
Annunciator System. 



switch, this springs up and closes the circuit by 
coming in contact with the two terminals above 
it, as shown at C. This short-circuits the bell 
coils. In. this short circuit is included the 
secondary of the induction coil at the subscriber's 
station. This short circuit aggre^^.^.^^ V^s^ ^^^'i^c^ 
50 ohms for the most part atvd\}cv^\a.xxv^j \^\v^'^'^^ 
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This notifies the central station operator, who 
effects the desired connection when told by the 
calling subscriber. The local battery at the 
subscriber's house sometimes is a storage bat- 
tery which operates on the transmitter when 
the hook-switch is released. When the receiver 
is hung up on the hook, the local secondary bat- 
tery is in closed circuit with the coils of the call- 
ing bell magnet and receives a slight current of 
about one-fiftieth ampere, which keeps the storage 
battery in good condition for use. 

The foregoing description is of the simplest 
kind of a lamp signalling system and there are 
many variations, some involving more compli- 
cated connections. If the local battery becomes 
too weak, the subscriber's transmitter will work 
with current from the central station battery and 
the local battery will act as a kind of an equalizer. 
In general practice the calling lamp is on a relay 
circuit and the relav closes its circuit when the 
receiver is t'aken ofif the hook. 

Automatic Telephone Systems. — Automatic 
telephone systems, in which the central office 
operators are dispensed with and their functions 
performed by ingenious mechanism, are in use in 
a number of large cities, notably Los Angeles, 
Cal. : Portland, Ore. ; Oakland, Cal. ; Omaha, 
Neb. : Columbus, Ohio: Grand Rapids, Mich., and 
several others. The automatic telephone sw^itch- 
board appears to be a very complicated assembly 
and while it is more complex tWu \!tv^ rcsaxv\3aJ\>3 
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operated exchanges, the latest perfected forms 
operate very well and their functions are per- 
formed with precision and accuracy. As is gen- 
erally understood, in the present exchanges there 
is a pair of copper wires running to each sub- 
scriber, either directly or indirectly, and connec-. 
tion between any two parties is effected by join- 
ing the individual circuits while the wires are 
promptly separated at the end of the conversa- 
tion. This is accomplished by the central station 
operators, and the subscriber has nothing to do 
with either establishing or breaking the connec- 
tion. 

The automatic systems must have some ar- 
rangement at each end of the line so the sub- 
scriber can call any party desired without any 
other aid and suitable mechanism must be pro- 
vided so connection will be established with the 
desired party at a central station. The arrange- 
ment at the subscriber's end was formerly a series 
of push buttons, but at the present time a much 
more satisfactory and positive device does the 
calling. This is a numbered dial, such as shown 
at Fig. 127, attached to the base of a desk tele- 
phone of the usual form. The numbers around 
the edge of the dial range from to 9, thus 
enabling any combination of figures to be selected. 
The neat dial is all that is visible at the outside 
of the instrument, but some very ingenious 
mechanism is hidden ms\d^ \\\^ ^.^^'^<:^'^^ V^^^ 
and is actuated by t\\e d\a\. Kv \?cv^ ^^^^ "^^ ^^ 




dial llicrc is a litlle tixcd Iiook or finger stop. 
Ill c;illiii{^ a mnnlicv, the finger is placed in one 
iif llic iipciiings ill llio upper dial, directly above 
a s|nvilic iiuiiiIht, llion llio dial is rotated in a 
ch'cknisv (Urtxtum toward the &xe<i s.t.ov, '^^'^^'^^ 



its motion is arrested, when the finger is removed. 
Then the diai, which has been turned against the 
resistance of a torsion spring is returned to its 
starting place, but in so doing a toothed segment, 
rotating with the dial, makes a certain number 
of electrical contacts corresponding to the number 
at which the dial was released. Thus, if the dial 
was released when the finger in hole number 7 




Fic. 128.— Method of Using Number Dial of Automatic 
Telephone. 

came against the finger stop, the contacts would 
send seven distinct impulses over the line to the 
central exchange, where a special electromagnetic 
selective device moves contacting fingers over 
suitable connections arranged so the desired cir- 
cuit is brought in action. The calling of any 
number composed of more ttwiu wxe. ^^'^^v;e. xs. 
accoivpanicd by inserting tVve &,v\ge.\ \tv '6i\«^ fe^i 
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Fig. 129,— Automatic Wall Set. 
rotating it to the fixed stop and releasing it for 
each number in succession. 

The operation of an automatic selector at the 
exchange will be understood by referring to 
Fig. 130, wbich is a simple selector or circuit 
finder for an exchange of ten subscribers. Tlie 
subscriber's lines or circuits terminate in ten pairs 
of plates or "bank contacts" arranged on the arc 
of a circle and numbered from 1 to 10 respectively. 
A ratchet wheel, R, is arranged with its center at 
the center of the arc formed \i\ i\^e coixtacU and 
carries a pair of springs. U', Uc\m\c'i\\\- ^^tfrn^vX 



a wiper. The line for subscriber No. 1, for in- 
stance, by whom it is supposed this instrument 
will be used, is represented as being connected 
not only to the first pair of "bank contacts," but 
also to the wiper, W. to the rotary mag^iets and 
to the release and rotary push buttons. 




Fic. 130.— Operation of Automatic Telephone Selector. 



Suppose that subscriber No. 1 wishes to con- 
nect to line No. 2. To do this, he presses twice 
(theoretically speaking) the rotary button (Rot. 
S) in the drawing located at his telephone. This 
closes the circuit from the battery thtow^ ■'Iwt 
rotary magimt. Every time \.\\e cuivCx'v "v^ ^o"Ks.- 






pleted the rotary magnet Is energized and attracts 
an armature A, This armature, which carries a 
pawl or finger, P, at its end which engages the 
ratchet wheel, R, and moves it, as well as the 
wiper, W, one step each time the armature is 
attracted. Consequently, when A has been at- 
tracted and released twice in succession the wiper, 
W, \\\\\ have been moved from its normal posi- 
tion at the. left of the first pair of contacts and 
will rest on pair No. 2 of the bank contacts, there- 
by bridging the gap between the terminals of 
lines No. 1 and No. 2. Bv means not shown in 

ml 

the diagram, subscriber No. 2 will be signalled 
and called to answer his telephone. The arrange- 
ment of the apparatus is such that when the con- 
versation is finished and calling subscriber No. 1 
hangs up his receiver, the release magnet (Rel. 
Mag. in cut) will be momentarily energized and 
so attract its armature. This will pull the retain- 
ing dog, D^ out of engagement with the ratchet 
wheel, which is then returned to its normal posi- 
tion by a clock spring. In a similar manner, sub- 
scriber No. 1 could call any one of the other nine 
subscribers of the system, and they in turn could 
call any other party by using their instruments in 
the manner indicated. The proper sequence of 
electrical impulses for the actuating rotary control 
magnet is automatically sent by the spring ])ro- 
pelled drum and dial 'at the subscriber's instru- 
rnent. 
Let us consider next t\Ae acUow v.A -^ ^^q.Olv>\ 



switch suitable for a 100 subscriber exchange. 
The details of this selector mechanism are illus- 
trated at Fig. 131. The line terminals, to the mini- 
her of 100 pairs, will now fill ten "bank rows" 




Fig. 131. — Diagi 



with ten pairs of contacts in each row. The ten 
rows are superposed as shown. The number of 
the line connected to the first pair of contacts in 
the lower row would be W', ^Ve iwx'KfeR.'^ c-*^ "^m*- 



line connected to the second contact in this row 
would be 12 ; the next 13, etc. The number of the 
line connected to the second pair of contacts in 
the second row from the bottom would be 22, 
that immediately above it would be 32, etc. It is 
evident that by this arrangement in a system of 
100 lines each subscriber's number would contain 
two digits : the first digit would indicate in which 
horizontal row of bank contacts his line terminals 
could be found and the second figure would indi- 
cate the exact pair of contacts in this row. 

An idea of the method pursued in obtaining a 
certain connection in a system of this capacity 
( 100 subscribers) may be had by considering that 
each subscriber circuit or line of two wires is con- 
nected to a pair of the "bank contacts" and to a 
connecting machine, technically termed a "con- 
nector switch," somewhat after the method de- 
picted in the cut which shows the connections for 
station 11. The important feature of the con- 
nector switch is the ratchet wheel or hub, R, 
which carries the wiper, W, already described in 
connection with the simple diagram at Fig. 130. 
The actuating rotary magnet is represented 
by Rot. Mag. with its armature at A and pawl P, 
also the dog, D, for the retention of the ratchet 
after each rotary step. The shaft upon which 
the ratchet is mounted is extended and carries 
another ratchet, VR, called the "vertical ratchet." 
The vertical magnet is adapted to attract the ver- 
tical armature, VA, whicVi catnes ow \\.«» ^w<\ \?a^ 
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pawl, VF, arranged to engage the vertical ratchet 
and raise the shaft. By means of it, the wiper 
is raised automatically one step whenever the 
magnet attracts its armature. The vertical dog, 
VD, is adapted to drop into place each time the 
ratchet is raised one step and thws \«:».-^ "Csa. 
wiper in position. It \s. t\vM.a cnx^Ssx*. '0«*-^ "^"^ 



means of the vertical pawl and ratchet, the wiper 
may be raised to a point opposite to any one of 
the ten horizontal rows of "bank contact pairs" 
and then, by actuating the rotary pawl and 
ratchet, the shaft may be rotated until the wiper 
rests on any desired pair of bank contacts in 
that horizontal row. Thus, if the vertical magnet 
should be intermittently energized three times 
and the rotary magnet intermittently energized 
five times, the wiper would be raised to the third 
horizontal row of bank contacts and rotated five 
steps, thus connecting line No. 1 1 to line No. 35. 
The apparatus, of course, is so arranged that sub- 
scriber No. 11 may intermittently energize the 
vertical and rotary magnets and control the move- 
ments of the wiper so that he can talk to any of 
the other 99 subscribers at will by turning the 
dial on his telephone, as has been previously ex- 
plained. 

In a commercial telephone exchange of the au- 
tomatic type, there are several connector switches 
capable of serving each subscriber, the operation 
of one being interdependent upon that of the pre- 
ceding one. If it were desired to have the lines 
so arranged that all the subscribers could talk at 
once it would be necessary to have 50 connector 
switches, which would provide for 50 separate 
conversations between 100 parties. In general, 
it may be said that in the average automatic ex- 
change, it is not necessary to have connector 
switches for every subscriber, bwl *^vi^\. ^vfficA^Tvt 
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to handle the calls at the busiest period of the 
day. Usually, 20 per cent, of the number of sub- 
scribers is taken as the proper number of connec- 
tor switches to employ, but these may be aug- 
mented according to the demands made upon the 
exchange. The actual wiring in connection with 
a typical selector switch is shown at Fig. 132, and 
the various circuits may be easily followed by the 
student. The operation should be well under- 
stood, in view of the very complete explanations 
previously given. 
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APPENDIX 



The Ohm is the unit of resistance, and is equal 
to the resistance of a column of pure mercury 
106.3 centimeters (i centimeter = 0.3937 inch) in 
height and o.oi square centimeter in cross-section. 

The Ampere is the unit of current, and is equal to 
the current which, when passed through a stand- 
ard solution of nitrate of silver in water, deposits 
silver at the rate of 0.001118 gram per second 
(i gram is the weight of i cubic centimeter of water 
at 39.2° F.). 

The Volt is the unit of electromotive force, and 
is the pressure which will force a current of 1 
ampere through a resistance of i ohm. 

The Watt is the unit of electrical power, and is 
the amount of power expended in a circuit in which 
a current of one ampere is maintained by an elec- 

tromotivQ force of i volt. 
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The Coulomb is the unit quantity of electricity, 
and is the quantity transferred by a current of 
I ampere in i second. 

The Farad is the unit of electrostatic capacity, 
and is the capacity that will contain i coulomb of 
electricity at a pressure of i volt. 

The Microfarad is equal to one-miUionth of a 
farad. 

The Megohm is equal to 1,000,000 ohms. 

Ohm's Law states that the current in amperes 
flowing through a circuit equals the pressure in volts 
across the circuit, divided by the resistance of the 
circuit in ohms. Two important deductions from 
Ohm's law are: The electromotive force in volts 
across a circuit equals the current strength in am- 
peres multiplied by the resistance of the circuit 
in ohms. The resistance of a circuit in ohms 
equals the electromotive force in volts across it, 
divided by the current in amperes. 
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Table of Dimensions of Copper Wire 



o*» 




ii 


J 


Bare Wire 


Underwriters' 
Wire 


^y. 


Diam. 
Mils** 


Area 
Circulai 
Milst 








Pounds 

per 
1000 Feet 






Gage 1 
B. &S 


Pounds 
per 
1000 Feet 


Pounds 
per 
Mile 


Feet 

per 

Pound 


Pounds 
per 
Mile 


Feet 

per 

Pound 


8 


128.490 


16509.7 


49-99 


263.96 


20.00 


69 


301 


14. 5 


9 


114.430 


13094.2 


39 65 


209.35 


25 .22 








lO 


loi .890 


10381 .6 


3144 


165.98 


31.81 


50 


264 


20.0 


n 


90.742 


8234.11 


24.93 


131 65 


40. II 








12 


80 . 808 


6529.94 


19.77 


104.40 


50.58 


31 


164 


32.0 


13 


71 .961 


5178.39 


15.68 


82.792 


63.78 








14 


64.084 


4106. 76 


12.44 


65.658 


80.42 


22 


116 


45.0 


IS 


S7-o68 


3256.76 


9.86 


52.069 


loi . 40 








i6 


50.820 


2582.67 


7.82 


41 . 292 


127.87 


14 


74 


70.0 


17 


45.257 


2048.20 


6. 20 


32.746 


161 .24 








i8 


40.303 


1624.33 


4.92 


25.970 


203 . 3 1 


II 


58 


90.0 


19 


3S.890 


1288.09 


3 90 


20.594 


256.39 








20 


31.961 


1021 .44 


3 09 


16.331 


323 32 








21 


28.462 


810.09 


2.45 


12.952 


407.67 








32 


25.347 


642.47 


1.9s 


10. 272 


514.03 









* B. & S. is the abbreviation for Brown and Sharp 
— the name of the standard wire gage in this 
country. 

* * A Mil equals one-thousandth of an inch. 

fA Circular Mil is the unit of area when consider- 
ing the cross-section of a wire; it is the area of a 
circle whose diameter is one mil, and is, therefore, 
equal to 0.000000785 square inch. 
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Table of Carrying Capacities and Resistances of 

Copper Wire 





Safe Carrying 








• 


d 


Capacities 


Resistances at 75° f. (23.9 


°C.)t 


^CO 


(Cur. in 


Amps.) 










^^ 


























c3« 


Con- 
cealed 


Open 


Ohms per 


Ohms per 


Feet per 


Ohms per 




Work* 


Work** 


1000 Feet 


Mile 


Ohm 


Pound 


8 


33 


46 


.62849 


3.31843 


1591.1 


.0126 


9 






.79242 


4.18400 


1262.0 


.0200 


lO 


25 


32 


.99948 


S. 27726 


1000. 5 


.0317 


II 






I . 2602 


6.65357 


793 56 


.0505 


12 


17 


23 


1.5890 


8.39001 


629.32 


.0804 


13 






2 . 003 7 


10.5798 


499.06 


.128 


14 


12 


i6 


2.5266 


13-3405 


395. 79 


.203 


IS 






3.1860 


16.8223 


313.87 


.323 


i6 


6 


8 


4.0176 


21 .2130 


348.90 


.514 


17 






5.0660 


26.7485 


197.39 


.817 


i8 


3 


5 


6.3880 


33.7285 


156.54 


1 . 299 


19 






8.0555 


42.5329 


124.14 


2.065 


20 






10.1584 


53 6362 


98.44 


3.284 


21 






11.8088 


67 .6302 


78.07 


■> . 222 


22 






16.1504 


85.2743 


61 .92 


8.302 



^Concealed Work is wiring composed of insu- 
lated conductors inclosed in a tube or molding, 
and not exposed to the air. 

**Open Work is wiring composed of weather- 
proof insulated conductors exposed to the air. 

f Resistance of Copper increased 0.21 per cent, 
for each degree Fahrenheit increase of temperature. 
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Table of Dimensions and Resistances of Galvanized 

Iron Wire 



A* 


u 


Weight in 


Breaking 


Resistance per Mile 


2:0 


Diamete 
Mils 


Pounds 


Strength in 
Pounds 


IN Ohms 


1^ 








Per 


Per 
















1000 ft. 


Mile 


Iron 


Steel 


E.B.B.t 


B.B.tt 


Steel 


6 


203 


109 


573 


1. 719 


3.237 


8.21 


9.6 


11.35 


7 


180 


8s 


450 


1350 


2.545 


10.44 


12.2 


14.43 


8 


16s 


72 


378 


1. 131 


2.138 


12.42 


14.53 


17.18 


9 


148 


58 


325 


.915 


1 .720 


IS. 44 


18.06 


21.35 


10 


134 


47 


250 


.750 


1 .410 


18.83 


22.04 


26.04 


II 


120 


38 


200 


.600 


1. 131 


23.48 


27.48 


32.47 


12 


109 


31 


165 


495 


.933 


28.46 


33.30 


39.36 


13 


95 


24 


12s 


• 375 


.709 


37.47 


43.8s 


51.82 


14 


83 


18 


96 


.288 


• 541 


49.08 


57.44 


67.88 



* B. W. G. is the abbreviation for Birmingham 
wire gage — an English wire gage diflfering but 
slightly from the B. & S. gage. 

•j-E. B. B. is the abbreviation for the "Extra 
Best Best" grade of iron wire. 

•|**|*B. B. is the abbreviation for the "Best Best*' 
grade of iron wire. 
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Typical wire clamps 137 

u 
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BRAZING AND SOLDERING 

BRAZING AND SOLDERING. By Jambs P. Hobart. 
The only book that shows you just how to handle any job of 
brazing or soldering that comes along; tells you what mixture 
to use. how to make a furnace if you need one. Full of kinks. 
4th edition. 25 cents 



CHARTS 



BATTLESHIP CHART. An engraving which shows the 
details of a battleship as if the sides were of glass and you could 
see all the interior. The finest piece of work that has ever been 
done. So accurate that it is used at Annapolis for instruction 
purposes. Shows all details and gives correct name of every 
part. 28 X 42 inches — plate paper. 50 cents 

BOX CAR CHART. A chart showing the anatomy of a box 
car, having every part of the car numbered and its proper name 
given in a reference list. 20 cents 

GONDOLA CAR CHART. A chart showing the anatomy 
of a gondola car, having every part of the car numbered and its 
proper reference name given in a reference list. 20 cents 

PASSENGER CAR CHART. A chart showing the anatomy 
of a passenger car, having every part of the car numbered and its 
proper name given in a reference list. 20 cents 

TRACTIVE POWER CHART. A chart whereby you can 
find the tractive power or drawbar pull of any locomotive, 
without making a figure. Shows what cylinders are equal, how 
driving wheels and steam pressure affect the power. What sized 
enspne you need to exert a given drawbar pull or anything you. 
desire in this line. 50 cents 

WESTINGHOUSE AIR-BRAKE CHARTS. Chart I.— 
Shows (in colors) the most modem Westinghouse High Speed 
and Signal Equipment used on Passenger Engines, Passenger 
Engine Tenders, and Passenger Cars. Chart II. — ^V^cs^"?* ^^-cw 
colors) the Standard Westinghouse ^cv\3\'^tc\«av\. \qx ^xvsv^ficx 
and Switch Engines, Freight and SVvXjcVv ^tv««v^'^«'cv^«^> ^^^_ 
Freight Cars. Price for the set. Wi ^«vv^ 



CHEMISTRY 

HENLEY'S TWENTIETH CENTURY BOOK OF 
RECEIPTS, FORMULAS AND PROCESSES. Edited by 
Gardner D. Hiscox. The most valuable Techno-chcniical 
Receipt Book published, including over 10,000 selected scientific 
chemical, technological, and practical receipts and processes. 
See page 34 for full description of this book. $3.00 

CIVIL ENGINEERING 



HENLEY'S ENCYCLOPEDIA OF PRACTICAL EN- 
GINEERING AND ALLIED TRADES. Edited by Joseph 
G. Horner, A.M. I., M.E. This set of five volumes contains 
about 2,500 pages with thousands of illustrations, including dia- 
grammatic and sectional drawings with full explanatory details. 
It covers the entire practice of Civil and Mechanical Engineering. 
It tells you all you want to know about engineering and tells it 
so simply, so clearly, so concisely that one cannot help but 
understand. •6.00 per volume or $25.00 for complete set of five 
volumes. 
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COKE— MODERN COKING PRACTICE; INCLUDING 
THE ANALYSIS OF MATERIALS AND PRODUCTS. 

By T. H. Byrom, Fellow of the Institute of Chemistrj% Fellow 
of The Chemical Society, etc., and J. E. Christopher. Member 
of the Society of Chemical Industry, etc. A handbook for 
those engaged in Coke manufacture and the recovery of By- 
products. Fully illustrated with folding plates. 

The subject of Coke Manufacture is of rapidly increasing in- 
terest and significance, embracing as it does the recovery of 
valuable by-products in which scientific control is of the first 
importance. It has been the aim of the authors, in preparing 
this book, to produce one which shall be of use and benefit to 
those who are associated with, or interested in, the modem de- 
velopments of the industry. 

Contents: Chap. I. Introductory. Chap. II. General Classi- 
fication of Fuels. Chap. III. Coal Washing. Chap. IV. The 
Sampling and Valuation of Coal, Coke, etc. Chap. V. The 
Calorific Power of Coal and Coke. Chap. VI. Coke Ovens. 
Chap. VII. Coke Ovens, continued. Chap. VIII. Coke Ovens, 
continued. Chap. IX. Charging and Discharging of Coke Ovens. 
Chap. X. Cooling and Condensing Plant. Chap. XI. Gas Ex- 
hausters. Chap. XII. Composition and Analysis of Ammoniacal 
Liquor. Chap. XIII. Working up of Ammoniacal Liquor. 
Chap. XIV. Treatment of Waste Gases from Sulphate Plants. 
Chap. XV. Valuation of Ammonium Sulphate. Chap. XVI. 
Direct Recovery of Ammonia from Coke Oven Gases. Chap. 
XVII. Surplus Gas from Coke Oven. Useful Tables. Very 
fully illustrated. SS.SO net 
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COMPRESSED AIR IN ALL ITS APPLICATIONS By 

Gardner D. Hiscox. This is the most complete book on the 

subject of Air that has ever been issued, and its thirty-five 

chapters include about every phase of the subject one can think 

of. It may be called an encyclopedia of compressed air. It is 

written hy an expert, who, in its 665 pages, has dealt with the 

subject in a comprehensive manner, no phase of it being omitted. 

Over i;oo iJJustrations, 5th KdHion, TeN'\se<\ axv<\ ^^"^^"^^ 

CJoth bound; $5,00, Half 'morcx^co, la.Sft 



CONCRETE 

ORNAMENTAL. CONCRETE WITHOUT MOLDS, By A. A. 

Houghton. The process for making ornamental concrete with- 
out molds, has long been held as a secret and now, for the first 
time, this process is given to the public. The book reveals the 
secret and is the only book published which explains a simple, 
practical method whereby the concrete worker is enabled, by 
employing wood and metal templates of different designs, to 
mold or model in concrete any Cornice, Archivolt, Column, 
Pedestal, Base Cap, Urn or Pier in a monolithic form — right 
upon the job. These may be molded in units or blocks, and 
then built up to suit the specifications demanded. This work 
is fully illustrated, with detailed engravings. 93.00 

POPULAR HAND BOOK FOR CEMENT AND CON- 
CRETE USERS, By Myron H. Lewis, C.E. This is a con- 
cise treatise of the principles and methods employed in the 
manufacture and use of cement in all classes of modem works. 
The author has brought together in this work, all the salient 
matter of interest to the user of concrete and its many diversified 
products. The matter is presented in logical and systematic 
order, clearly written, fully illustrated and free from involved 
mathematics. Everything of value to the concrete user is given. 
Among the chapters contained in the book are: I. Historical 
Development of the Uses of Cement and Concrete. II. Glossary 
of Terms employed in Cement and Concrete work. III. Kinds 
of Cement employed in Construction. IV. Limes, Ordinary and 
Hydraulic. V. Lime Plasters. VI. Natural Cements. VII. 
Portland Cements. VIII. Inspection and Testing. IX. Adul- 
teration; or Foreign Substances in Cement. X. Sand, Gravel 
and Broken Stone. XL Mortar. XIL Grout. XIII. Con- 
crete (Plain). XIV. Concrete (Reinforced). XV. Methods 
and Kinds of Reinforcements. XVI. Forms for Plain and Re- 
inforced Concrete. XVIL Concrete Blocks, XVIII. Arti- 
ficial Stone. XIX. Concrete Tiles. XX. Concrete Pipes and 
Conduits. XXI. Concrete Piles. XXII. Concrete Buildings. 
XXIII. Concrete in Water Works. XXIV. Concrete in Sewer 
Works. XXV. Concrete in Highway Construction. XXVI. 
Concrete Retaining Walls. XX VII. Concrete Arches and 
Abutments. XXVlII. Concrete in Subway and Tunnels. 
XXIX. Concrete in Bridge Work. XXX, Concrete in Docks 
and Wharves. XXXI. Concrete Construction under Water. 
XXXII. Concrete on the Farm. XXXIII. Concrete Chimneys. 
XXXIV. Concrete for Ornamentation, XXXV. Concrete 
Mausoleums and Miscellaneous Uses. XXXVI. Inspection for 
Concrete Work. XXX VI I. Waterproofing Concrete Work. 
XXXVIII. Coloring and Painting Concrete Work. XXXIX. 
Method of Finishint 'Joncrete Surfaces. XL. Specifications and 
Estimates for Cone- te Work. 92.50 

DICTION ARIES 

STANDARD ELECTRICAL. DICTIONARY. By T. 

O'CoNOR Sloane. An indispensable work to all interested in 
electrical science. Suitable alike for the student and profession- 
al. A practical hand-book of reference containing definitions 
of about 5,000 distinct words, terms and phrases. The defini- 
tions are terse and concise and include every term used in electri- 
cal science. Recently issued. An entirely new edition. Should 
be in the possession of all who desire to keep abreast with the 
progress of this branch of science. Complete, concvae, ^w*L ^wv- 
veniei t. 682 pages — 393 iWuslraUotvs, ^»k«^5P^ 



DIES— METAL WORK 

DIEN. THKIR CONSTRUCTION AND USK FOR THK 
MODERN WORKING OF SHEET META.LS. By J. V. 

WooDWORTH. A new book by a practical man, for those who 
wish to know the latest practice in the working of sheet metals. 
It shows how dies are designed, made and used, and those who 
are engaged in this line of work can secure many valuable sug- 
gestions. S3.00 

PUNCHES, DIES AND TOOLS FOR MANUFACTUR- 
ING IN PRESSES. By T. V. Woodworth. An encyclo- 
pedia of die-making, punch-making, die-sinking, sheet-metal 
working, and making of special tools, subpresses, devices and 
mechanical combinations for punching, cutting, bending, form- 
ing, piercing, drawing, compressing, and assembling sheet- 
metal parts and also articles of other materials in machine 
tools. This is a distinct work from the author's book entitled 
"Dies; Their Construction and Use." 500 pages, 700 engrav- 
ings. W.OO 

DRAWING— SKETCHING PAPER 



LINEAR PERSPECTIVE SEL^'-TAUGHT. By Herman 
T. C. Kraus. This work gives the theory and practice of linear 
perspective, as used in architectural, engineering, and mechanical 
drawings. Persons taking up the study of the subject by them- 
selves, without the aid of a tearihcr, will be able by the use of the 
instruction given to readily grasp the subject, and by reason- 
able practice become good perspective draftsmen. The arrange- 
ment of the book is good; the plate is on the left-hand, while the 
descriptive text follows on the opposite page, so as to be readily 
referred to. The drawings are on sufficiently large scale to show 
the work clearly and are plainly figured. The whole work makes 
a very complete course on perspective drawing, and will be 
found of great value to architects, civil and mechanical engineers, 
patent attorneys, art designers, engravers, and draftsmen. 93.50 

PRACTICAL. PERSPECTIVE. By Richards and Colvin. 
Shows just how to make all kinds of mechanical drawings in the 
only practical perspective isometric. Makes everything plain 
so that any mechanic can understand a sketch or drawing in 
this way. Saves time in the drawing room and mistakes in the 
shops. Contains practical examples of various classes of work. 

50 cents 

SELF-TAUGHT MECHANICAL DRAliVING AND ELE- 
MENTARY MACHINE DESIGN. By F. L. Sylvester, M.E., 
Draftsman, with additions by Erik Oberg, associate editor of 
"Machinery." A practical elementary treatise on Mechanical 
Drawing and Machine Design, comprising the first principles of 
geometric and mechanical drawing, workshop mathematics, 
mechanics, strength of materials and the calculation and design 
of machine details, compiled for the use of practical mechanics 
and young draftsmen. 83.00 

A NEW SKETCHING PAPER. A new specially ruled paper 
to enable you to make sketches or drawings in isometric per- 
spective without any figuring or fussing. It is being used for 
shop details as well as for assembly drawings, as it makes one 
sketch do the work of three, and no workman can help seeing 
just what is wanted. Pads of 40 sheets, 6x9 inches, 25 cents. 
Pads of 40 sheets, 9x12 inches, 60 cents 



ELECTRICITY 



ARITHMETIC OF ELECTRICITY. By Prof. T. O'CoNOK 
Sloane. a practical treatise on electrical calculations of all 
kinds reduced to a series of rules, all ctf the simplest forms, and 
involving only ordinary arithmetic; each rule illustrated bv 
one or more practical problems, with detailed solution of eacn 
one. This book is classed among the most useful works pub- 
lished on the science of electricity r>overing as it does the mathe- 
matics of electricity in a mazmer that will attract the attention 
of those who are not familiar with algebraical formulas. x6o 
pages. 91.00 

COMMUTATOR CONSTRUCTION. By Wm. Baxter. 
Jr. The business end of any dynamo or motor of the direct 
current type is the commutator. This book goes into the de- 
signing, building, and maintenance of commutators, shows 
how to locate troubles and how to remedy them; everyone who 
fusses with dynamos needs this. 25 cents 

DYNAMO BUILDING FOR AMATEURS, OR HOW TO 
CONSTRUCT A FIFTY WATT DYNAMO. By Arthur 
J, Weed, Member of N. Y. Electrical Society. This book is a 
practical treatise showing in detail the construction of a small 
dynamo or motor, the entire machine work of which can be done 
on a small foot lathe. 

Dimensioned working drawings are given for each piece of 
machine work and each operation is clearly described. 

This machine when used as a dynamo has an output of fifty 
vtratts; when used as a motor it will drive a small drill press or 
lathe. It can be used to drive a sewing machine on any and all 
ordinary work. 

The book is illustrated with more than sixty original engrav- 
ings showing the actual construction of the oiff erent parts. Paper. 

Paper 60 cents Cloth 91.00 

ELECTRIC FURNACES AND THEIR INDUSTRIAL 
APPLICATIONS. ByJ. Wrigh-r This is a book which will 
prove of interest to many classes of people; the manufacturer 
who desires to know what product can be manufactured success- 
fully in the electric furnace, the chemist who wishes to post 
himself on the electro-chemistry, and the student of science 
who merely looks into the subject from curiosity. 388 pages. 

•3.00 

ELECTRIC LIGHTING AND HEAVING POCKET 
BOOK. By Sydney F. Walker. This book puts in conven- 
ient form useful information regarding the apparatus which is 
likely to be attached to the mains of an electrical company. 
Tables of units and equivalents are included and useful electrical 
laws and formulas are stated . 43 8 pages, 3 00 engravings. ••3.00 

ELECTRIC TOY MAKING, DYNAMO BUILDING, AND 
ELECTRIC MOTOR CONSTRUCTION. This work treats 
of the making at home of electrical toys, electrical apparatus, 
motors, dynamos, and instruments in general, and is designed to 
bring within the reach of young and old the manufacture of gen- 
uine and useful electrical appliances: i&s v^<iB^. ^vi^^ v^^oa.- 
tratp'i. %v.^fc 



KKECTRIC lil'IRING, DIAGRAMS AND SWITCH- 
BOARDS. By Newton Harrison. This is the only complete 
work issued showing and telling you what you should know 
about direct and alternating current wiring. It is a ready 
reference. The work is free from advanced technicalities and 
mathematics. Arithmetic being used throughout. It is in every 
respect a hatidy, well-written, instructive, comprehensive 
volume on wiring for the wireman, foreman, contractor or elec- 
trician. 272 pages, 105 illustrations. 91.60 

ELECTRICIAN'S HANDT BOOK. By Prof. T. O'Conor 
Sloane. This work is intended for the practical electrician, 
who has to make things go. The entire field of Electricity is 
covered within its pages. It contains no useless theory; every- 
thing is to the point. It teaches you just what you should 
. know about electricity. It is the standard work published on 
the subject. Forty-one chapters, 610 en^avings, handsomely 
bound in red leather with titles and edges m gold. S3.60 

ELECTRICITY IN FACTORIES AND WORKSHOPS, 
ITS COST AND CONVENIENCE. By Arthur P. Haslam. 
A practical book for power producers and power users showing 
what a convenience tne electric motor, in its various forms, has 
become to the .modern manufacturer. It also deals with the 
> conditions which determine the cost of electric driving, and 
compares this with other methods of producing and utilizing 
power. 312 pages. Very- fully illustrated. 92.50 

ELECTRICITY SIMPLIFIED. By Prop. T. O'Conor 
Sloane. The object of '* Electricity Simplified" is to maHe the 
subject as plain as possible and to show what the modei4i con- 
ception of electricity is; to show how two plates of difTereiit 
metals immersed in acid can send a message around the globe; 
to explain how a bundle of copper wire rotated by a steam engine 
can be the agent in lighting our streets, to tell what the volt, ohm 
and ampere are, and what high and low tension mean; and to 
answer the questions that perpetually arise in the mind in this 
age of electricity. 172 pages. Illustrated. 81.00 

HOW TO BECOME A SUCCESSFUL ELECTRICIAN. 

By Prof. T. O'Conor Sloane. An interesting book from cover 
to cover. Telling in simplest language the surest and easiest way 
to become a successful electrician. The studies to be followed, 
methods of work, field of operation and the requirements of the 
. successful electrician are pointed out and fully explained. 
202 pages. Illustrated. 81.00 

MANAGEMENT OF DYNAMOS. By Lummis-Pater- 
soN. A handbook of theory and practice. This work is arranged 
in three parts. The first part covers the elementary theory of 
the dynamo. The second part, the construction and action of 
the diflerent classes of dynamos in common use are described; 
while the third part relates to such matters as affect the prac- 
tical management and working of dynamos and motors. 292 
pages, 117 illustrations. 81.50 

STANDARD ELECTRICAL DICTIONARY. By Prof. T. 

O'Conor Sloane, A practical handbofjk of reference contain- 

• ing definitions of al>out 5,000 distinct words, terms and phrases. 

The definitions are terse and concise and include every term 

used in electrical science. 682 pages, 393 illustrations. 83.00 

& 



SWITCHBOARDS. By William Baxter, Jr. This book 
appeals to every engineer and electrician who wants to know 
the practical side of things. All sorts and conditions of dynamos, 
connections and circuits are shown by diagram and illustrate 
just how the switchboard should be connected. Includes direct 
and alternating current boards, also those for arc lighting, in- 
candescent, and power circuits. Special treatment on high 
voltage boards for power transmission. 190 pages. Illustrated. 

81.50 

TELKPHONE CONSTRUCTION, INSTALLATION, 
WIRING, OPERATION AND MAINTENANCE. By W. H. 

Radcliffb and H. C. Gushing. This book gives the principles 
of construction and operation of both the Bell and Independent 
instruments; approved methods of installing and wiring them; 
the means of protecting them from lightning and abnormal cur- 
rents; their connection together for operation as series or bridg- 
ing stations; and rules for their inspection and maintenance. 
Line wiring and the wiring and operation of special telephone 
systems are also treated. 180 pages, 125 illustrations. 81.00 

WIRING A HOUSE. By Herbert Pratt. Shows a house 
already built; tells just how to start about wiring it. Where to 
begin; what wire to use; how to run it according to insurance 
rules, in fact just the information you need. Directions apply 
equally to a shop. Fourth edition. 25 cents 

WIRELESS TELEPHONES AND HOW THEY WORK. 

l^y James Erskine-Murray. This work is free from elaborate 
details and aims at giving a clear survey of the way in which 
Wireless Telephones work. It is intended for amateur workers 
and for those whose knowledge of Electricity is slight. Chap- 
ters contained: How We Hear — Historical — The Conversion of 
Sound into Electric Waves — Wireless Transmission — The Pro- 
iluction of Alternating Currents of High Frequency — How the 
Electric Waves are Radiated and Received — The Receiving 
Instruments — Detectors — Achievements and Expectations — 
Glossary of Technical Work. Cloth. 81.00 



ENAMELING 



HENLEY'S TWENTIETH CENTITRY RECEIPT BOOK. 

Edited by Gardner D. Hiscox. A work of to, 000 practical 
receipts, including enameling receipts for hollow ware, for 
metals, for signs, for china and porcelain, for wood, etc. Thor- 
ough and practical. See page 24 for full description of this book. 

83.00 

FACTORY MANAGEMENT, ETC. 



IVfUrDERN MACHINE SHOP CONSTRUCTION, EQriP- 
MENT AND MANAGEIVfENT. By O. E. Perrigo. M.E. A 
work designed for the practical and every-day use of the Archi- 
tect who designs, the Manufacturers who build, the Engineers 
who plan and equip, the Superintendents who organize and 
direct, and for the information of every stockholder, director, 
ollicer, accountant, clerk, superintendent, foreman, and -wo^^- 
man of the modem machine shop arvd T\\atvai^c,\-\xtvcv'g, '^^'^'^. ^^. 
Industrial America. *&.^5» 



FUEL 

COMBUSTION OP OOAIi AND THE PREVENTION 
OF SMOKE. By Wm. M. Barr. To be a success a fireman 
must be '* Light on Coal." He must keep his fire in good con- 
dition, and prevent, as far as possible, the smoke nuisance. 
To do this, he should know how coal bums, how smoke is formed 
and the proper burning of fuel to obtain the best results. He 
can learn this, and more too, from Barr's "Combustion of Coal." 
it is an absolute authority on all questions relating to the Firing 
of a Locomotive. Nearly 350 pages, fully illustrated. 91.00 

SMOKE PRETENTION AND FUEL ECONOMY. By 

Booth and Kershaw. As the title indicates, this book of 197 
cages and 75 illustrations deals with the problem of complete 
combustion, which it treats from the chemical and mechanical 
standpoints, besides pointing out the economical and humani- 
tarian aspects of the question. 92.50 



GAS ENGINES AND GAS 



CHEMISTRY OF GAS MANUFACTURE. By H. M. 

RoYLES. A practical treatise for the use of gas engineers, gas 
managers and students. Including among its contents — Prepa- 
rations of Standard Solutions, Coal, Furnaces, Testing and 
Regulation. Products of Carbonization. Analysis of Crude Coal 
Gas. Analysis of Lime. Ammonia. Analysis of Oxide of Iron, 
Z'Japhthalene. Analysis of Fire-Bricks and Fire-Clay. Weldom 
and Spent Oxide. Photometry and Gas Testing. Carbur- 
etted Water Gas. Metrooolis Gas. Miscellaneous Extracts. 
Useful Tables. 94,60 

GAS ENGINE CONSTRUCTION, Or How to Build a Half- 
Ilorse-power Gas Engine. By Parsell and Weed, A prac- 
tical treatise describing the theory and principles of the action of 
gas engines of various types, and the design and construction of a 
half -horse-power gas engine, with illustrations of the work in 
actual progress, together with dimensioned working drawings giv- 
ing clearly the sizes of the various details. 300 pages. 82.50 

GAS, GASOLINE, AND OIL. ENGINES. By Gardner D. 
Hiscox, Just issued, 1 8th revised and enlarged edition. Every 
user of a gas engine needs this book. Simple, instructive, and 
right up-to-date. The only complete work on the subject. Tells 
all about the running and management of gas, gasoline and oil 
engines as designed and manufactured in the United States. 
Explosive motors for stationary, marine and vehicle power are 
fully treated, together with illustrations of their parts and tabu- 
lated sizes, also their care and running are included. Electric 
Ignition by Induction Coil and Jump Sparks are fully explained 
and illustrated, including valuable information on the testing for 
economy and power and the erection of power plants. 

The special information on producer and suction gases in- 
cluded cannot fail to prove of value to all interested in the gen- 
eration of producer gas and its utilization in gas engines. 

The rules and regulations of the Board of Fire Underwriters 
m regard to the installation and management of Gasoline Motors 
is given in full, suggesting the safe installation of explosive motor 
power. A list of United States Patents issued on Gas, Gasolin<" 
and Oil Engines and their adjuncts from 1875 to date is included 
4S4 pages. 410 engravings. 83.60 not 
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MODRRN GAS ENGINES AND PRODUCER GAS 
PLANTS. By R. E. Mathot, M.E. A practical treatise of 
[2o pages, fullv illustrated by 175 detailed illustrations, setting 
orth the principles of gas engines and producer design, the selec- 
tion and installation of an engine, conditions of perfect opera- 
tion, producer-gas engines and their possibilities, the care of gas 
engines and producer-gas plants, with a chapter on volatile 
hydrocarbon and oil engines. This book has been endorsed by 
Dugal Clerk as a most useful work for all interested in Gas Engine 
installation and Producer Gas. 92.50 



GEARING AND CAMS 



BETEL. GEAR TABLES. By D. Ac. Engstrom. No one 
who has to do with bevel gears in any way should be without 
this book. The designer and draftsman will find it a great con- 
venience, while to the machinist who turns up the blanks or cuts 
the teeth, it is invaluable, as all needed dimensions are given 
and no fancy figiiring need be done. 81.00 

CHANGE GEAR DEVICES. By Oscar E. Perrigo. A 
book for every designer, draftsman and mechanic who is inter- 
ested in feed changes for any kind of machines. This shows what 
has been done and how. Gives plans, patents and all information 
that you need. Saves hunting through patent records and rein- 
venting old ideas. A standard work of reference. 91.00 

DRAFTING OF CAMS. By Louis Rouillion. The 
laying out of cams is a serious problem unless you know how to 
go at it right. This puts you on the right road for practically 
any kind of cam you are likely to run up against. 26 cents 



HYDRAULICS 

HYDRAULIC ENGINEERING. By Gardnbr D. Hiscox. 
A treatise on the properties, power, and resources of water for all 
purposes. Including the measurement of streams; the flow of 
water in pipes or conduits; the horse-power of falling water; 
turbine and impact water-wheels; wave-motors, centrifugal, 
reciprocating, and air-lift pumps. With 300 figures and dia- 
grams and 36 practical tables. 320 pages. S4.00 



ICE AND REFRIGERATION 



POCKET BOOK OF REFRIGERATION AND ICE MAK- 
ING, By A. J. Wallis-Taylor. This is one of the latest and 
most comprehensive reference books published on the subject 
of refrigeration and cold storage. It explains the properties and 
refrigerating effect of the different fluids in use, the manage- 
ment of refrigerating machinery and the construction and insula- 
tion of cold rooms with their required pipe surface for different 
degrees of cold; freezing mixtures and non-freezing brines, 
temperatures of cold rooms for all kinds of provisions; cold 
storage charges for all classes of goods, ice making and storage of 
ice, data and memoranda for constant reference by refrigerating 
engineers, with nearly one hundred tables containing valuable 
references to every fact and condition required in the installttvevA. 
and operation of a refrigerating plant. %VJ!Ki 
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IWVENTIONS— PATENTS 

INVENTOR'S MAN U AX., HOW TO MAKE A PATENT 
PAY. This is a book designed as a guide to inventors in per- 
fecting their inventions, taking out their patents, and disposing 
of them. It is not in any sense a Patent Solicitor's Circular, 
nor a Patent Broker's Advertisement. No advertisements of any 
description appear in the work. It is a book containing a quarter 
of a century's experience of a successful inventor, together with 
notes based upon the experience of many other inventors. SI .00 

LATHE PRACTICE 



MODERN AMERICAN LATHE PRACTICE. By Oscar 

E. Perrigo. An up-to-date book on American Lathe Work, 
describing and illustrating the very latest practice in lathe and 
boring-mill operations, as well as the construction of and latest 
developments in the manufacture of these important classes of 
machine tools. 300 pages, fully illustrated. 82.50 

PRACTICAL METAL. TURNING. By Joseph G. Horner. 
A work of 404 pages, fully illustrated, covering in a comprehen- 
sive manner the modem practice of machining metal parts in 
the lathe, including the regular engine lathe, its essential design, 
its uses, its tools, its attachments, and the manner of holding the 
work and performing the operations. The modernized engine 
lathe, its methods, tools, and great range of accurate work. The 
Turret Lathe, its tools, accessories and methods of performing 
its functions. Chapters on special work, grinding, tool holders, 
speeds, feeds, modern tool steels, etc., etc. 93.50 

TURNING AND BORING TAPERS. By Fred H. Col- 
viN. There are two ways to turn tapers; the right way and 
one other. This treatise has to do with the right way: it tells 
you how to start the work properly, how to set the lathe, what 
tools to use and how to use them, and forty and one other little 
things that you should know. Fourth edition. 26 cents 

LIQUID AIR 

LIQUID AIR AND THE LIQUEFACTION OF GASES. 

By T. O'CoNOR Sloane. Theory, history, biography, practical 
applications, manufacture. 365 pages. Illustrated. 83.00 

LOCOMOTIVE EIIGINEERING 



AIR-BRAKE CATECHISM. By Robert H. Blackall. 
This book is a standard text book. It covers the Westinghousc 
Air-Brake Equipment, including the No. 5 and the No. 6 E T 
Locomotive I3rake Equipment; the K (Quick-Service) Triple 
Valve for Freight Service; and the Cross-Compound Pump. 
The operation of all parts of the apparatus is explained in detail, 
and a practical way of finding their peculiarities and defects, 
with a proper remcdv, is j^i von. It contains 2,000 questions with 
their answers, which will enable any railroad^ man to pass any 
examination on the subject of Air Brakes. F/ndorsed and used 
by air-brake instructors anrl examiners on ne^arly every rail- 
road in the United States. 23d Edition. 380 pages, fully 
illustrated with folding plates and diagrams. 93.00 
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AMERICAN COMPOrND LOCOMOTITES. By Fred 
H. CoLviN. The most complete book on compounds published. 
Shows all types, including the balanced compound. Makes 
everything clear by many illustrations, ar-^ shows valve setting, 
breakdowns and repairs. 142 pages. 81.00 

APPWCATION OF HIGHLY SUPERHEATED STEAM 
TO LOCOMOTIVES. By Robert Garbe. A practical book. 
Contains special chapters on Generation of Highly Superheated 
Steam; Superheated Steam and the Two-Cylinder Simple 
Engine; Compounding and Superheating; Designs of Locomotive 
Superheaters; Constructive Details of Locomotives using Highly 
Superheated Steam; Experimental and Working Results. Illus- 
trated with folding plates and tables. $3.50 

COMBUSTION OF COAL. AND THE PRETENTION 
OP SMOKE. By Wm. M. Barr. To be a success a fireman 
must be " Light on Coal." He must keep his fire in good con- 
dition, and prevent as far as possible, the smoke nuisance. 
To do this, he should know how coal burns, how smoke is formed 
and the proper burning of fuel to obtain the best results. He 
can learn this, and more too, from Barr's "Combination of Coal." 
It is an absolute authority on all questions relating to the Firing 
of a Locomotive. Nearly 350 pages, fully illustrated. SLOO 

LINK MOTIONS, VALVES AND VALVE SETTING. By 

Fred H. Colvin, Associate Editor of "American Machinist.' 
A handy book that clears up the mysteries of valve setting. 
Shows the different valve gears in use, how they work, and why. 
Piston and slide valves of different types are illustrated and 
explained. A book that every railroad man in the motive- 
power department ought to have. Fully illustrated. 60 cents. 

LOCOMOTIVE BOILER CONSTRUCTION. By Frank 
A. Kleinhans. The only book showing how locomotive 
boilers are built in modem shops. Shows all types of boilers 
used; gives details of construction; practical facts, such as 
life of riveting punches and dies, work done per day, allowance 
for bending and flanging sheets and other data that means dol- 
lars to any railroad man. 421 pages, 334 illustrations. 'Six 
folding plates. $3.00 

LOCOMOTIVE BREAKDOWNS AND THEIR REM- 
EDIES. By Geo. L. Fowler. Revised by Wm. W. Wood, 
Air-Brake Instructor. Just issued 19 10 Revised pocket edition. 
It is out of the question to try and tell you about every subject 
that is covered in this pocket edition of Locomotive Breakdowns. 
Just imagine all the common troubles that an engineer may ex- 
pect to happen some time, and then add all of the unexpected 
ones, troubles that could occur, but that you had never thought 
about, and you will find that they are all treated with the very 
best methods of repair. Walschaert Locomotive Valve Gear 
Troubles, Electric Headlight Troubles, as well as Questions and 
Answers on the Air Brake are all included. 294 pages. Fully 
illustrated. $1.00 

LOCOMOTIVE CATECHISM. By Robert Grimshaw. 
27th revised and enlarged edition. This may well be called an 
encyclopedia of the locomotive. Contains over 4,000 examina- 
tion questions with their answers, including amon?:; tVvevcv. \,Vx<af?fe 
asked at the First, Second and T\v\Td ^c^x'?. ^^."^xxCvcv^Nl^jf^ 
825 pages, 43 7 illustrations and 3 ioVWwi v^aX«i^- %«..«» 
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NI&1¥ TORK AIR-BRAJCB CATECHISM. By RobeKi 
H. Blackall. This is a complete treatise on the New York 
Air-Brake and Air-Signalling Apparatus, giving a detailed de- 
scription of all the parts, "their operation, troubles, and the 
methods o£ locating and remedying the same. 200 pages, fully 
illustrated. 91.00 

POCKET-RAILROAD DICTIONARY AND TADE ME- 
CUM. By Fred H. Colvin, Associate Editor "American 
Machinist." Different from any book you ever saw. Gives clear 
and concise information on just the points you are interested in. 
It's really a pocket dictionary, fully illustrated, and so arranged 
that you can find just what you want in a second without an 
index. Whether you are interested in Axles or Acetylene; Com- 
pounds or Counter Balancing; Rails or Reducing Valves; Tires 
or Turntables, you'll find them in this little book. It's very 
complete. Flexible cloth cover, 200 pages. 91.00 

TRAIN RITLJCS AND DESPATCHING. By H. A. Dalby. 
Contains the standard code for both single and double track and 
explains how trains are handled under all conditions. Gives all 
signals in colors, is illustrated wherever necessary, and the 
most complete book in print on this important subject. Bound 
in fine seal flexible leather. 221 pages. 81.50 

WAL.SCHAERT LOCOMOTIVE VALVE OBAR. By 

Wm. W. Wood. If you would thoroughly understand the 
Walschaert Valve Gear, you should possess a copy of this book. 
The author divides the subject into four divisions, as follows: 
I. Analysis of the gear. II. Designing and erecting of the gear 
III. Advantages of the gear. IV. Questions and answers re 
lating to the Walschaert Valve Gear. This book is specially valu- 
able to those preparing for promotion. Nearly 200 pages. 91.50 

WESTINGHOUSE E T AIR-BRAKE INSTRUCTION 

POCKET BOOK CATECHISM. By Wm. W. Wood, Air-Brake 
Instructor. A practical work containing examination questions 
and answers on the E T Equipment. Covering what the E T 
Brake is. How it should be operated. What to do when de- 
fective. Not a question can be asked of the engineman up for 
promotion on either the No, s or the No. 6 E T equipment that 
is not asked and answered in the book. If you want to thor- 
oughly understand the E T equipment get a copy of this book. 
It covers every detail. Makes Air-Brake troubles and examina- 
tions easy. Fully illustrated with colored plates, showing 
various pressures. 98.00 



MACHINE SHOP PRACTICE 



AMERICAN TOOL MAKING AND INTERCHANGE- 
ABLE MANUFACTURING. By J. V. Woodworth. A 
practical treatise on the designing, constructing, use, and in- 
stallation of tools, jigs, fixtures, devices, special appliances, 
sheet-metal working processes, automatic mechanisms, and 
1 abor-saving contrivances; together with their use in the lathe 
milling machine, turret lathe, screw machine, boring mill, power 
press, drill, subpress, drop hammer, etc., for the working of 
metals, the production of interchangeable machine parts, and 
the manufacture of repetition articles of metal. 560 pages, 
doo illustrations. %^A» 



HENLEY'S ENOTOLOPEDIA OF PRACTICAL EN- 
GINEERING AND AIXIED TRADES. Edited by Joseph 
G. Horner. A.M.I.Mech.I. This work covers the entire prac- 
tice of Civil and Mechanical Engineering. The best known ex- 
perts in all branches of engineering have contributed to these 
volumes. The Cyclopedia is admirably well adapted to the needs 
of the beginner and the self-taught practical man, as well as the 
mechanical engineer, designer, draftsman, shop superintendent, 
foreman and machinist. 

It is a modem treatise in five volumes. Handsomely bound 
in Half Morocco, each volume containing nearly 500 pages, with 
thousands of illustrations, including diagrammatic and sectional 
drawings with full explanatory details. S25.00 for the com- 
plete set of five voltmies. 96.00 per volume, when ordered singly. 

MACHINE SHOP ARITHMETIC. By Colvin-Chbney. 
Most popular book for shop men. Shows how all shop problems 
are worked out and **why," Includes change gears for cutting 
any threads; drills, taps, shink and force fits; metric system 
of measurements and threads. Used by all classes of mechanics 
and for instruction of Y. M. C. A. and other schools. Fifth 
edition. 131 pages. 60 cents 

MECHANICAL. MOVEMENTS, POWERS, AND DE- 
VICEIS. By Gardner D. Hiscox. This is a collection of 1890 
engravings of different mechanical motions and appliances, ac- 
companied by appropriate text, making it a book of great value 
to the inventor, the draftsman, and to all readers with mechanical 
tastes. The book is divided into eighteen sections or chapters 
in which the subject matter is classified under the following 
heads: Mechanical Powers, Transmission of Power, Measurement 
of Power, Steam Power, Air Power Appliances, Electric Power 
and Construction, Navigation and Roads, Gearing, Motion and 
Devices, Controlling Motion, Horological, Mining, Mill and 
Factory Appliances, Construction and Devices, Drafting Devices, 
Miscellaneous Devices, etc. nth edition. 400 octavo pages. 

92.50 

MECHANICAL. APPLIANCES, MECHANICAL MOVE- 
MENTS AND NOVELTIES OF CONSTRUCTION. By 

Gardner D. Hiscox. This is a supplementgiry volume to the 
one upon mechanical movements. Unlike the first volume, 
which is more elementary in charactef, this volume contains 
illustrations and descriptions of many combinations of motions 
and of mechanical devices and appliances found in different lines 
of Machinery. Each device being shown by a line drawing with 
a description showing its working parts and the method of opera- 
tion. From the multitude of devices described, and illustrated, 
might be mentioned, in passing, such items as conveyors and 
elevators, Prony brakes, thermometers, various types of boilers, 
solar engines, oil-fuel burners, condensers, evaporators, Corliss 
and other valve gears, governors, gas engines, water motors of 
various descriptions, air ships, motors and dynamos, automobile 
and motor bicycles, railway block signals, car couples, link and 
gear motions, ball bearings, breech block mechanism for heavy 
guns, and a large accumulation of others of equal importance. 
1 ,000 specially made engravings. 396 octavo pages. 92.50 

SPECIAL OFFER '^^®^® *"^° volumes sell for $2.50 each, 
^^^^^^^ v/rrii«\ i^^.j. ^jjg,^ ^j^g ^yfQ volumes are ordered 

at one time from us, we send them prepaid to any address iu iVve. 
world, on receipt of $4.00. You save %\ "^'^ ox^etvcv^ *Oc^«i n:^^ 
volumes of Mechanical Movements at otve Wtwe. 

IS 



MODERN MAOHINB SHOP CONSTRUCTION, B^OrtP- 
MKNT AND MANAGEMENT. By Oscar E. Perriuo. 
The only work published that describes the Modern Machine 
Shop or Manufacturing Plant from the time the grass is growing 
on the site intended for it until the finished product is shipped. 
Just the book needed by those contemplating the erection of 
modem shop buildings, the rebuilding and reorganization of old 
ones, or the introduction of Modem Shop Methods, Time and 
Cost Systems. It is a book written and illustrated by a prac- 
tical shop man for practical shop men who are too busy to read 
theories and want facts. It is the most complete all-around book 
of its kind ever published. 400 large quarto pages, 225 original 
and specially-made illustrations. S5.00 

MODERN MACHINE SHOP TOOLS; THEIR CON- 
STRUCTION. OPERATION, AND MANIPULATION. By 

W. H. Vandbrvoort. A work of 555 pages and 673 illustra- 
tions, describing in every detail the construction, operation, and 
manipulation of both Hand and Machine Tools. Includes 
chapters on filing, fitting, and scraping surfaces; on drills, ream- 
ers, taps, and dies; the lathe and its tools; planers, shapers, 
and their tools; milling machines and cutters; gear cutters and 
gear cutting; drilling machines and drill work; grinding ma- 
chines and their work; hardening and tempering; gearing, 
belting and transmission machinery; useful data and tables. 

94.00 

THE MODERN MACHINIST. Bv John T. Usher. This 
book might be called a compendium of shop methods, showing a 
variety of special tools and appliances which will give new ideas 
to many mechanics from the superintendent down to the man 
at the bench. It will be found a valuable addition to any machin- 
ist's library and should be consulted whenever a new or difficult 
^ob is to be done, whether it is boring, milling, turning, or plan- 
ing, as they are all treated in a practical manner. Fifth edition. 
320 pages, 250 illustrations. S3.50 

MODERN MECHANISM. Edited by Park Benjamin. A 
practical treatise on machines, motors and the transmission of 
power, being a complete work and a supplementary volume to 
Appleton's Cyclopedia of Applied Mechanics. Deals solely with 
the principal and most useful advances of the past few years. 
959 pages containing over 1,000 illustrations; bound in half 
morocco. $4.00 

MODERN MILXJNG MACHINES: THEIR DESIGN. 
CONSTRUCTION AND OPERATION. By Joseph G. 
Horner. This book describes and illustrates the Milling Ma- 
chine and its work in such a plain, clear, and forceful manner, 
and illustrates the subject so clearly and completely, that the 
up-to-date machinist, student, or mechanical engineer can not 
afford to do without the valuable information which it contains. 
It describes not only the early machines of this class, but notes 
their gradual development into the splendid machines of the 
present day, giving the design and construction of the various 
types, forms, and special features produced by prominent 
manufacturers, American and foreign. 304 pages, 300 illustra- 
tions. $4.00 

•• SHOP KINKS." By Robert Grimshaw. This shows 
special methods of doing work of various kinds, and reducing 
cost of production. Has hints and kinks from some of the largest 
shops in this country and Europe. You are almost sure to find 
some that apply to your work, and in such a way as to save time 
azui trouble. 400 pages. Fourth ed\l\orv. •'^.50 
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TOOLS FOR MAC7HINISTS ANB WOOD WORKERS* 
INCLUDING INSTRUMENTS OF MEASUREMENT. By 

Joseph G. Horner. A practical treatise of 340 pages, fully 
illustrated and comprising a general description and classifica- 
tion of cutting tools and tool angles, allied cutting tools for 
machinists and woodworkers; shearing tools; scraping tools; 
saws; milling cutters; drilling and boring tools; taps and dies; 
punches and hammers; and the hardening, tempering and 
grinding of these tools. Tools for measuring arid testing work, 
including standards of measurement; surface plates; levels; 
surface gauges; dividers; calipers; verniers; micrometers- 
snap, cylindrical and limit gauges; screw thread, wire and 
reference gauges, indicators, templets, etc. W.SO 

MANUAL TRAINING 



ECONOMICS OF MANUAL TRAINING. By Louis 
RouiLLiON. The" only book that gives just the information 
needed by all interested in manual training, regarding buildings, 
equipment and supplies. Shows exactly what is needed for all 
grades of the work irom the Kindergarten to the High and Nor- 
mal School. Gives itemized lists of everything needed and tells 
just what it ought to cost. Also shows where to buy supplies. 

•1.50 

MARINE ENGINEERING 



MARINE ENGINES AND BOILERS, THEIR DESIGN 
AND CONSTRUCTION. By Dr. G. Bauer. Leslie S. 
Robertson, and S. Bryan Donkin. This work is clearly 
written, thoroughly systematic, theoretically sound; while the 
character of its plans, drawings, tables, and statistics is without 
reproach. The illustrations are careful reproductions from 
actual working drawings, with some well-executed photographic 
views of completed engines and boilers. S9.00 net 

MINING 



*ORE DEPOSITS OF SOUTH AFRICA WITH A 
CHAPTER ON HINTS TO PROSPECTORS. By J. P. John- 
son. This book gives a condensed account of the ore-deposits 
at present known in South Africa. It is also intended as a guide 
to the prospector. Only an elementary knowledge of geology 
and some mining experience are necessary in order to under- 
stand this work. With these qualifications, it will materially 
assist one in his search for metalliferous mineral occurrences 
anil, so far as simple ores are concerned, should enable one to 
form some itlea of the possibilities of any they may find. 

Among the chapters given are: Titaniferous and Chromif- 
erous Iron Oxides — Nickel — Copper — Cobalt — Tin — Molyb- 
denum — Tungsten — Lead — Mercury — Antimony — Iron — Hints 
to Prospectors, Illustrated. 92.00 

PRACTICAL COAL MINING. By T. H. Cockin. An im- 
portant work, containing 428 pages and 213 illustrations, com- 
plete with practical details, which will intuitively impart to the 
reader, not only a general knowledge of the principles of coal 
mining, but also considerable insight into allied subjects. The 
treatise is positively up to date in every instance, and should 
be in the hands of every colliery engineer, ^'&cAc>vC^si^% xcCvcvs, 
operator, superintendent, foreman, atvd a\\ o'Oiiex^ '^Vo "^"^^^"^^ 
terested in or connected with tYve industry. Vr..«» 
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PHTStCS AND CHEMISTRT OP MINtNO. By T. H. 

Byrom. a practical work for the use of all preparing for ex- 
aminations in mining or qualifying for colliery managers' cer- 
tificates. The aim of the author in this excellent book is to place 
clearly before the reader useful and authoritative data which 
will render him valuable assistance in his studies. The only work 
of its kind published. The information incorporated in it will 
prove of the greatest practical utility to students, mining en- 
gineers, colliery managers, and all others who are specially in- 
terested in the present-day treatment of mining problems." 160 
pages. Illustrated. S2.00 

MISCELLANEOUS 



BRONZES. Henley's Twentieth Century Receipt Book con- 
tains many practical formulas on bronze casting, imitation 
bronze, bronze polishes, renovation of bronze. See page 24 for 
full description of this book. S3.00 

EMINENT ENGINEERS. By Dwight Goddard. Every- 
one who appreciates the effect of such great inventions as the 
Steani Engine, Steamboat, Locomotive, Sewing Machine, Steel 
Working, and other fundamental discoveries, is interested in 
knowing a little about the men who made them and their achieve- 
ments. 

Mr. Goddard has selected thirty-two of the world's engineers 
who have contributed most largely to the advancement of our 
civilization by mechanical means, giving only such facts as are of 
general interest and in a way which appeals to all, whether 
mechanics or not. 280 pages, 35 illustrations. Sl.AO 

LAWS OF BUSINESS, ByTHEOPHiLUS Parsons, LL.D. 
The Best Book for Business Men ever Published. Treats clearly 
of Contracts, Sales, Notes, Bills of Exchange, Agency, Agree- 
ment, Stoppage in Transitu, Consideration, Limitations, Leases, 
Partnership, Executors, Interest, Hotel Keepers, Fire and Life 
Insurance, Collections. Bonds, Frauds, Receipts, Patents, Deeds, 
Mortgages, Liens, Assignments, Minors, Married Women, Arbi- 
tration, Guardians, Wills, etc. Three Hundred Approved Forms 
are given. Every Business Man should have a copy of this book 
for ready reference. The book is bound in full sheep, and Con- 
tains 864 Octavo Pages. Our special price. S3. 50 

PATTERN MAKING 

PRACTICAL PATTERN MAKING. By F. W. Barrows. 
This is a very complete and entirely practical treatise on the 
subject of pattern making, illustrating pattern work in wood and 
metal. From its pages you are taught just what you should 
know about pattern making. It contains a detailed description 
of the materials used by pattern makers, also the tools, both 
those for hand use, and the more interesting machine tools; hav- 
ing complete chapters on The Band Saw, The Buzz Saw, and The 
Lathe. Individual patterns of many different kinds are fully 
illustrated and described, and the mounting of metal patterns on 
plates for molding machines is included. 93.00 

PERFUMERY 



HENLEY'S TWENTIETH CENTURY BOOK OF RE- 
CEIPTS, FORMULAS AND PROCESSES. Edited by G. D. 
Hiscox. The most valuable Techno-Chemical Receipt Book 
published. Contains over 10,000 practical Receipts many of 
which will prove of special value to the perfumer, a mine of in- 
foimation, up to date in every respect. Cloth, S3.00; half 
morocco. See page 34 for faU deacnptVoiv ol \Yi\% >aoo\L. %i.<Ml 



PERFUMES AND THEIR PREPARATION. By G. W. 

AsKiNsoN, Perfumer. A comprehensive treatise, in which 
there has been nothing omitted that could be of value to the 
Perfumer. Complete directions for making handkerchief per- 
fumes, smelling-salts, sachets, fumigating pastilles; preparations 
for the care of the skin, the mouth, the hair, cosmetics, nair dyes 
and other toilet articles are given, also a detailed description 
of aromatic substances; their nature, tests of purity, and 
wholesale manufacture. A book of general, as well as profes- 
sional interest, meeting the wants not only of the druggist and 
perfume manufacturer, but also of the general public. Third 
edition. 31a pages. Illustrated. S3.00 



PLpMBIRG 

MODERN PLUMBING ILLUSTRATED. By R. M. 

Starbuck. The author of this book, Mr. R. M. Starbuck, is one 
of the leading authorities on plumbing in the United States. The 
book represents the highest standard of plumbing work. It has 
been adopted and used as a reference book by the United States 
Government, in its sanitary work in Cuba, Porto Rico and the 
Philippines, and by the principal Boards of Health of the United 
States and Canada. 

It gives Connections, Sizes and Working Data for All Fixtures 
and Groups of Fixtures. It is helpful to the Master Plumber in 
Demonstrating to his customers and in figuring work. It gives 
the Mechanic and Student quick and easy Access to the best 
Modern Plumbing Practice. Suggestions for Estimating Plumb- 
ing Construction are contained in its pages. This book repre- 
sents, in a word, the latest and best up-to-date practice, and 
should be in the hands of every architect, sanitary engineer 
and plumber who wishes to keep himself up to the minute on this 
important feature of construction. 400 octavo pages, fully 
illustrated by 55 full- page engravings. 84.00 



RUBBER 



HENLEY'S TWENTIETH CENTURY BOOK OF RE- 
CEIPTS, FORMULAS AND PROCESSES. Edited by Gard- 
ner D. Hiscox. Contains upward of 10,000 practical receipts, 
including among them formulas on artificial rubber. See page 
24 for full description of this book. $3.00 

RUBBER HAND STAMPS AND THE MANIPULATION 
OF INDIA RUBBER. By T. O'Conor Sloane. This book 
gives full details on all points, treating in a concise and simple 
manner the elements of nearly everything it is necessary to under- 
stand for a commencement in any branch of the India Rubber 
Manufacture. The making of all kinds of Rubber Hand Stamps, 
Small Articles of India Rubber, U. S. Government Composi- 
tion, Dating Hand Stamps, the Manipulation of Sheet Rubber, 
Toy Balloons, India Rubber Solutions, Cements, Blackings, 
Renovating Varnish, and Treatment for India Rubber Shoes, 
etc.; the Hektograph Stamp Inks, and Miscellaneous Notes, 
with a Short Account of the Discovery, Collection, and Manufac- 
ture of India Rubber are set forth in a manner des\\£xv^d Xo \i«. 
readily understood, the explanations beVivft it>\a.va. «t.Tvvi ^vk\.\^r.. 
decond edition. 144 pages. lUustrated. %V.^^ 
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SAWS 

SAW FILING AND AIANAGEIIIENT OF SAWS. By 
Robert Grimshaw. A practical hand book on filing, gumming, 
swaging, hammering, and the brazing of band saws, the speed, 
work, and power to run circular saws, etc. A handy book for 
those who have charge of saws, or for those mechanics who do 
their own filing, as it deals with the proper shape and pitches of 
saw teeth of all kinds and gives many useful hints and rules for 
gumming, setting, and filing, and is a practical aid to those who 
use saws for any purpose. New edition, revised and enlarged. 
Illustrated. Sl.OO 

SCREW CUTTING 



THREADS AND THREAD CUTTING. By.CoLViN and 
Stabbl. This clears up many of the mysteries of thread- 
cutting, such as double and triple threads, internal threads, catch- 
ing threads, use of hobs, etc. Contains a lot of useful hints and 
several tables. 25 cents 

SHEET METAL WORK 



DIES, THEIR CONSTRUCTION AND USE FOR THE 
IVIODERN WORKING OF SHEET METALS. By J. V. 

Wood WORTH, A new book by a practical man, for those who 
wish to know the latest practice in the working of sheet metals. 
It shows how dies are designed, made and used, and those who 
arc engaged in this line of work can secure many valual^lc 
suggestions. $3.00 

PUNCHES, DIES AND TOOLS FOR MANUFACTUR- 
ING IN PRESSES. By J. V. Woodworth. A work of 500 
pages and illustrated by nearly 700 engravings, being an en- 
cyclopedia of die-making, punch-making, die sinking, shcct- 
metal working, and making of special tools, subpresses, devices 
and mechanical combinations for punching, cutting, bending, 
forming, piercing, drawing, compressing, and assembling sheet- 
metal parts and also articles of other materials in machine tools. 

S4.00 

STEAM ENGINEERING 



AMERICAN STATIONARY ENGINEERING. By W. 

E. Crane. A new book by a well-known author. Begins at 
the boiler room and takes in the whole power plant. Contains 
the result of years of practical experience in all sorts of engine 
rooms and gives exact information that cannot be found else- 
where. It's plain enough for practical men and yet of value to 
those high in the profession. Has a complete examination for a 
license. 8'i.OO 

" BOILER ROOM CHART. By Geo. L. Fowler, A Chart 
— size 14x28 inches — showing in isometric perspective the 
mechanisms belonging in a modern boiler room. Water tube 
boilers, ordinary grates and mechanical stokers, feed water 
heaters and pumps comprise the equipment. The various parts 
are shown broken or removed, sf) that the internal construction 
is fully illustrated. ICach part is given a refiTtMKt* number, and 
these, witii tlie oorrespuniling name, are given iu a glossary 
printed at the sides. This t-liart is really a diitionary ot the 
boiler room- the names of more than 200 parts being given. 
It is educational — worth many times its cost. 5J6 cents 
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ENGINE RUNNER'S CATECHISM. By Robert Grim- 
SHAW. Tells how to erect, adjust, and run the principal steam 
engines in use in the United States. The work is of a handy 
size for the pocket. To young engineers this catechism will be 
of great value, especially to those who may be preparing to go 
forward to be examined for certificates of competency; and 
to engineers generally it will be of no little service as they will 
iind in this volume more really practical and useful information 
than is to be found anywhere else within a like compass. 387 
pages. S«xth edition. • S3.00 

ENGINE TESTS AND BOILER EFFICIENCIES. By 

J. BucHKTTi. This work fully describes and illustrates the 
method of testing the power of steam engines, turbine and 
explosive motors. The properties of steam and the evapora- 
tive power of fuels. Combustion of fuel and chimney draft; 
with formulas explained or practically computed. 255 pages, 
179 illustrations. 93.00 

HORSE POWER CHART. Shows the horse power of any 
stationary engine wittout calculation. No matter what the 
cylinder diameter or stroke; the steam pressure or cut-oti; the 
revolutions, or whether condensing or non -condensing, it's all 
there. Easy to use, accurate, and saves time and calculations. 
Especially useful to engineers and designers. 60 cents 

MODERN STEAM ENGINEERING IN THEORY AND 
PRACTICE. By Gardner D. Hiscox. This is a complete and 
practical work issued for Stationary Engineers and Firemen 
dealing with the car« and management of Boilers, Engines, 
Pumps, Superheated Steam, Refrigerating Machinery, Dj^a- 
mos, Motors, Elevators, Air Compressors, and all other branches 
with which the modem Engineer must be familiar. Nearly 
200 Questions with their Answers on Steam and Electrical 
Engineering, likely to be asked by the Examining Board, arc 
included. 487 pages, 405 engravings. 93.00 

STEAM ENGINE CATEC«ISM. By Robert Grimshaw. 
This volume of 413 pages is not only a catechism on the question 
and answer principle; but it contains formulas and worked-out 
answers for all the Steam problems that appertain to the opera- 
tion and management of the Steam Engine. Illustrations of 
various valves and valve gear with their principles of operation 
are given. 34 tables that are indispensable to every engineer and 
fireman that wishes to be progressive and is ambitious to become 
master of his calling are within its pages. It is a most valuable 
instructor in the service of Steam Engineering. Leading en- 
gineers have recommended it as a valuable educator for the be- 
ginner as well as a reference bpok for the engineer. Sixteenth 
edition. S2.00 

STEAM ENGINEER'S ARITHMETIC. By Colvin- 

Cheney. a practical pocket book for the Steam Engineer. 
Shows how to work the problems of the engine room and shows 
"why." Tells how to figure horse-power of engines and boilers; 
area of boilers; has tables of areas and circumferences; steam 
tables; has a dictionary of engineering terms. Puts you onto 
all of the little kinks in figuring whatever there is to figure 
around a i>o\ver plant. Tells you aV)oul the heat unit; absolute 
zero; adiahutic expai.sion; <Juty of engines; factor of safety; 
and 1. 001 other things; and everything is plain and simple — 
not the hardest way to figure, but tYit eas\Rs,\. ^>ft ^«^v*» 
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STEAM HEATING AND VENTILATION 

PRACTICAL STEAM. HOT-WATER HEATING AND 
VENTILATION. By A. G. King. This book is the standard 
and latest work published on the subject and has been prepared 
for the use of all engaged in the business of steam, hot-water 
heating and ventilation. It is an original and exhaustive work. 
Tells how to get heating contracts, how to install heating and 
ventilating apparatus, the best business methods to be used, with 
*' Tricks of the Trade" for shop use. Rules and data for esti- 
mating radiation and cost and such tables and information as 
make it an indispensable work for everyone interested in steam, 
hot-water heating and ventilation. It describes all the principal 
systems of steam, hot-water, vacuum, vapor and vacuum- 
vapor heating, together with the new accelerated systems of 
hot-water circulation, including chapters on up-to-date methods 
of ventilation and the fan or blower system of heating and venti- 
lation. 

You should secure a copy of this book, as each chapter con- 
tains a mine of practical information. 367 pages, 300 detailed 
engravings. •3.00 

STEAM PIPES 



STEAM PIPES: THEIR DESIGN AND CONSTRUC- 
TION. By Wm. H. Booth. The work is well illustrated in re^:ard 
to pipe joints, expansion offsets, flexible joints, and self-contained 
sliding joints for taking up the expansion of long pipes. In fact, 
the chapters on the flow of Steam and expansion of pipes are most 
valuable to all steam fitters and users. The pressure strength of 
pipes and method of hanging them is well treated and illustrated. 
Valves and by-passes are fully illustrated and described, as are 
also flange joints and their proper proportions. Exhaust heads 
and separators. One of the most valuable chapters is that on 
superheated steam and the saving of steam by insulation with 
the various kinds of felting and other materials, with comptarison 
tables of the loss of heat in thermal units from naked and felted 
steam pipes. Contains 187 pages. S2.00 

STEEL 



AMERICAN STEEL WORKER. By E. R. Markham. 

The standard work on hardening, tempering and annealing steel 
of all kinds. A practical book lor the machinist, tool maker or 
superintendent. Shows just how to secure best results in any 
case that comes along. How to make and use furnaces and case 
harden; how to handle high-speed steel and how to temper for all 
classes of work. $3.60 

HARDENING. TEMPERING, ANNEALING, AND 
FORGING OF STEEL. By T. V. Woodworth. A new book 
containing special directions for the successful hardening and 
tempering of all steel tools. Milling cutters, taps, thread dies, 
reamers, both solid and shell, hollow mills, punches and dies, 
and all kinds of sheet-metal working tools, shear blades, saws, 
fine cutlery and metal-cutting tools of all descriptions, as well 
as for all implements of steel both large and small, the simplest, 
and most satisfactory hardening and tempering processes are 
presented. The uses to which the leading brands of steel may be 
adapted are concisely presented, and their treatment for work- 
ing under different conditions explained, as are also the special 
methods for the hardening and tempering of special brands. 
^jo pages, 2$o iiJustrations. %^%SQ 



